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HIS booklet was made for the 

purpose of helping the new opera- 
tor of a CINCINNATI Dial Type 
Miller to become familiar with his 
machine; and to present to the 
experienced operator a complete set 
of tables for the efficient performance 
of his work. 


At the time of writing, the booklet 
was completely up to date. However, 
due to continual improvements in 
design, it is possible that descriptions 
contained herein may vary slightly 
from the machine delivered to you. 
This merely implies that the machine 
has been improved to better fulfill 
your requirements. 
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b PATENT NOTICE 








The machines and attachments illus- 
trated and described in this booklet 
are manufactured under and protected 
by issued and pending United States 
and Foreign Patents. 

e ө o 


The design and specifications of these 
machines are subject to change without 
notice 


A SUGGESTION 


To assure this booklet being available 
when it is needed, we suggest that it be 
placed in the tool crib and issued by 
tool check only. 
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Cincinnati No. 2 Universal High Speed Dial Type Milling Machine 
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Cincinnati No. 3 Vertical High Speed Dial Type Milling Machine 
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CINCINNATI DIAL TYPE MILLING MACHINES 








SERIAL NUMBER 


The serial number will be found stamped 
in two places: Horizontal Machines, on 
the face of the column near the spindle, 
and front of the table near the right hand 
end. Vertical Machines, top of the 
scraped bearing for the knee and front 
of the table near the right hand end. 
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MACHINE SPECIFICATIONS 








MACHINE SPECIFICATIONS 














(Model ER) 
MEDIUM SPEED AND HIGH 
SPEED DIAL TYPE MILLERS 
No. 2 No. 3 No. 4 
Table 
WOPKE μα μμ ο ο Ες RI ND warp 52Hx1214 | 621⁄x151⁄ | 7814x1614 
Size Oven Albo μμ К hos АКЛАУ S x ee PRESS dn 5244x1214 | 6216x1524 | 78V6x1614 
о 8ана ο ον νο Three-ii | Three-i$ | Three-+2 
Distance between T-slots............................ 2355 814 34 
Swing of table (Universal only) ...................... 45? 47? 49° 
Range 
Longitudinal travel. cai: euh deem sariya awadu жже» 28 34 42 
Cross travel Plain and. Universal . ws aa ecc gaa 10 12 14 
η ΜΗ неа ο ο 12 16 16 
Plali.sitairrrivuge yet icto sua asi 19 20 20 
Vertical travel {Ὀπίνετβα]........................... 18 19 19 
[ТӨП К oc. ac ао E E имек d du 13 16 16 
Horizontal Machines Only 
Max. distance, center of spindle to top of table (Plain).. 195 2015 2035 
Min. distance, center of spindle to top of table (Plain)... 0 0 0 
Max. distance, center of spindle to top of table (Univ.). . . 18% 1935 1935 
Min. distance, center of spindle to top of table (Univ.)... 0 0 0 
Full width between column and braces................ 3014 3316 3824 
Center of spindle to bottom of overarm............... 6% 7% 73% 
Vertical Machines Only 
Max. distance, end of spindle to top of table........... 18 29 29 
Throat distance, center of spindle to column..... ..... 14 | 18 18 
Standard Spindle End, No. 50 | 
ШОУ КУТЛУК КАК δει νο εκ κα ЛУК КГГА 54s diam. | ὅτε diam | 55 diam. 
23 diameter | (o3 diameter | (53 diameter 
TADEK ΠΟΙ. amas duet рр Мыне s RES Уаде ру LP E Wa ^largeend | | ^ largeend || large end 
31 taper 31 taper 83 taper 
2 per foot 2 per foot 2 per foot 
Net Weights, Pounds (Approximate) 
Plattis wo wikis 8 o а bbws eee. OL 6,250 8,380 9,050 
Medium Speed: Universal............................ 6,600 9,000 10,000 
Месе 266 CETUR are s ACA ORO Ré 7,050 9,200 9,850 
wm жа dap ee iata waqta a ьн 6,350 8,480 9,150 
High θρ6θὰ!Ὀπἰνετβαὶ........................-...... 6,700 9,100 10,100 
| Vertical «nue oe ЕВ Лны бш» Pia aer 7,100 9,300 9,950 
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CINCINNATI DIAL TYPE MILLING MACHINES 
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TABLE OF DIMENSIONS 








TABLE OF DIMENSIONS—PLAIN MACHINES 








Size of Machine 



































































































































No. 2 No. 3 No. 4 
A 3014 3314 3814 
B 61 734 734 
c Í Min. 92; 101 1114 
| Max. 19% 235 25% Ἢ 
D 74 [44 I$ 
E 162% 1834 2214 
F 3215 331 3H _ 
J 5014 59 59 
K 4614 55 m 
[z 19 2034 2034 — 
M 2645 2715 324% 
N 4 43; 4% 
Р 415 6 6 
R 73% 85% 8% 
Min. 0 0 0 
se 1952; 2015 2015 
+ Í Min. 224% 2314 2 _ 
| Max 50: 5734 6934 
ру М 205% 2314 2714 
Max 4914 5734 6934 _ 
V 6413 705 7033 
W 27% 2915 2915 
X 3015 3215 3214 
AA 5211 6214 7815 
СЄ 24% ИЙ 314 
DD 24% 114 314 
EE 6 7% 8 
FF 1214 1514 1614 
GG + ii 15 
ΗΗ [τ б 5⁄4 ὃς 
JJ 76 l l 
KK ГА 132 32 
LL 224% 2734 3074 
MM 1959; 1715 1958; 
NN 908: 5734 6934 
PP 9911 11514 13914 
RR 90; 11114 11974 
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TABLE OF DIMENSIONS 








TABLE OF DIMENSIONS—UNIVERSAL MACHINES 








Size of Machine 





























































































































No. 2 No. 3 Νο. 4 
A 3014 3315 3814 
B 6% 7% 734 
gi 915 1155 1159; 
Мах. 19% 235 2574 
D 1⁄4 14% 16 
E 16% 1834 222% 
Е 3215 3311 338 
J 5014 59 59 
K 4614 55 55 I 
L 19 2034 2034 Ἢ 
M 2645 2714 325 CO 
N 4 45 45; 
Р 415 6 6 
R 73% 854 — _8% 
ΠΕ 0 0 0 
Max 18335 19435 1945 
T { Min. 2215 2314 2714 
Μακ 5015 5734 6934 
u { Min. 2014 2314 2714 
\ Max 4834 5734 6934 
V 6413 705 7018 
W 27% 2915 291% 
X 3014 32% 321⁄ 
AA 5241. 6214 78% 
СС 24s 314 314 
DD Зб 0 314 314 
EE 6 7% 8 
FF 124 154 164 
GG 16 16 i$ 
HH H 3% ὃς 
JJ 1⁄4 | | 
КК 114 13 12 
LL 2254 27% 3035 
MM 195 1745 1952; 
NN 5016 5734 6934 
PP 9911 11516 13915 
RR 99-8; HH 11974 
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TABLE OF DIMENSIONS 








TABLE OF DIMENSIONS—VERTICAL MACHINES 

















































































































Size of Machine 
No. 2 No. 3 No. 4 
A 14 18 18 
B { Min. 0 0 0 
*Max 1833 2715 2215 
c | Min. 9; [01 1114 
| Max. 2114 27% 2714 
F з= 3834 3834. 
J 5014 59 59 
K 4614 55 55 
L 19 2034 2034 Ἢ 
M 2615 3025 3055 
т | Min. 2225 27d 2714 
| Мах 5059; 5734 6934 
u Í Min. 2054 2314 2714 
| Max 4914 5734 6934 
V 7835 8534 8534 
W 27% 2914 2916 
X 2016 3214 3216 
AA 5211 6215 7815 
Co E os 314 314 
DD 12; 314 314 
EE 6 74 8 
ЕЕ 1214 m. 164 
GG 15 16 i$ 
HH $4 5⁄4 5⁄4 
JJ 1% l l 
KK I 15 125 
EL 747; 31 3214 
MM 1715 1675 153 
NN 504% 5734 6934 
PP 9911 115% 13914 
RR 9834 11134 111% 








*Note—Maximum dimension "B" is with head in extreme up position and 


knee in extreme down position. 
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STANDARD EQUIPMENT 
Supplied with the Machine 


Plain Machines: 


Arbor Supports: Νο. 2 Millers—one Style "B" with 214” adjustable arbor bushing 
and provided with lug for brace—one Style "A" with adjustable arbor bushing 
for pilot end arbors. Nos. 3 and 4 Millers—one Style "B" with 214” adjustable 
arbor bushing without lug for brace—one style "B" with 214” adjustable arbor 
bushing and provided with lug for brace. 


Adjustable Arbor Tightening Rod. 

Arbor Support Bushing Adapter M-01 (includes adjustable bushing, nut, washer, 
and screw) for Style ^A" arbors and for Nos. 3 and 4 Machines only. 

Wrenches. 

Coolant Pump (Gear Driven). 


Overarm Brace. 


Universal Machines: 


Arbor Supports: No. 2 Millers—one Style "B" with 214” adjustable arbor bushing 
and provided with lug for brace—one Style "A" with adjustable arbor bushing 
for pilot end arbors. Nos. 3 and 4 Millers—one Style "B" with 214” adjustable 
arbor bushing without lug for brace—one Style "B" with 21$" adjustable arbor 
bushing and provided with lug for brace. 

Adjustable Arbor Tightening Rod. 

Arbor Support Bushing Adapter M-01 (includes adjustable bushing, nut, washer 
and screw) for Style "A" arbors and for Nos. 3 and 4 Machines only. 


Standard Universal Dividing Head Equipment, including tailstock with 2-point 
adjustable center; steady rest; one plate for indexing through 40 to 1 reduction— 
all numbers up to and including 60, all even numbers and those divisible by 5 up 
to 120, and many beyond; one plate for direct indexing; one center for headstock ; 
and provision for connecting head to enclosed driving mechanism segment. Sizes 
(nominal swing): 10" for No. 2 Machine; 12" for No. 3 Machine; 14" for No. 4 
Machine. 


Enclosed Driving Mechanism Segment, including change gears for spiral milling, 
leads range from 2%” to 100" (only) for Standard Universal Dividing Heads. 


Wrenches. 
Coolant Pump (Gear Driven). 


Overarm Brace. 


Vertical Machines: 
Adjustable Arbor Tightening Rod. 
Wrenches. 
Coolant Pump (Gear Driven). 
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INSTALLATION INSTRUCTIONS 


Complete erecting instructions are listed on a separate sheet, entitled 
"General Installation Instructions", packed with the machine. They are 
repeated briefly in this booklet for your information. 


Assembling the Table to the Machine. If the machine table has been 
removed for convenience in shipping, it may be replaced in the following 
manner: 


l. Wash the bearings on the saddle and table perfectly clean. Cover the 
saddle with a liberal supply of oil. 


2. Insert the table locking shoes in the front of the saddle and follow up 
with the two hexagon head set screws. 


3. Insert table from the left side of the machine, as you stand in front of 
the machine. 


4. Insert the table gib between the saddle and the table and adjust the gib 
screw so that the table will have no side play. It is safe to adjust the 
gib tightly so that four men cannot pull the table, and then back off 
the gib slightly until four men can pull it easily. 


5. Insert the lead screw from the right of the machine, and turn the screw 
into the nut until the apron on the lead screw is tight against the table. 
Be sure the dowel pins in the apron match with the pin holes in the end 
of the table. Insert and tighten the four screws. (See Fig. 26, page 40) 


6. Attach the left hand apron to the front end of the table. Adjust the 
adjusting nut on the lead screw to take up the end play in the lead screw. 
Tighten the hexagon head lock screw in the adjusting nut. 


7. Place the clutch, dial, collar and spring, ball crank and screw in the end 
of the lead screw to keep the ball crank in place. 


Note: The bored hole in the saddle paralleling the lead screw is pro- 
vided for the drive shaft for the circular milling attachment. This 
drive shaft is supplied as regular equipment with the power feed Circular 
Milling Attachment only. 


Lifting the Machine. The machine may be lifted by a crane with a 
rope or cable sling around the overarm. If a wire cable is used, be sure to 
protect the dovetail bearings with wood blocks. Tighten the overarm 
clamping bolts before lifting. 


Foundation. Special foundations for CINCINNATI Dial Type Milling 
Machines are not required. Any substantial floor, wood or concrete, fairly 
flat, and sufficiently heavy to withstand the weight of the machine, will be 
satisfactory. See specifications page 9, for weights and dimensions. 
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Figure 4 
Bolting the Machine to a Concrete Floor 


Bolting the Machine to the Floor. When preparing for this operation, 
notice that center distances of bolt holes, given on the data sheet accompany- 
ing the machine, are approximated. If the floor is concrete, drill the bolt 
holes about 6" in diameter. Insert the hold-down bolt through a 14%” 
pipe, as illustrated in Fig. 4, and fill the pipe with dry sand. Lower the 
machine on two l” thick boards, and engage the nuts on two or three threads 
of the bolts. Fill the holes around the pipe with quick drying cement, thin 
enough to flow easily. When cement is dry, remove boards, level machine 
and tighten hold-down nuts. 


Leveling. After the machine has been moved to its proper location, it 
must be carefully leveled. Use an accurate micrometer level for the opera- 
tion. A carpenter's level or the bulb in a machinist's combination square is 
not good enough. Drive steel wedges under the corners of the base until 
the table is level in both directions. Then drive additional wedges under 
the base to evenly distribute the weight of the machine, and recheck for 
level. It is necessary, of course, that the machine table and leveling instru- 
ment be absolutely clean and free of burrs to obtain the most accurate 
results. 


The sliding head of a vertical miller is balanced by counterweights inside the 
machine column. These weights are held in position during shipment by 
means of two screws, one on each side of the column, and identified by 
instruction tags tied to them. Remove the screws and plug the holes with 
the pipe plugs provided for that purpose. 
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STARTING THE MACHINE 








et = 


STARTING THE MACHINE FOR THE FIRST TIME 


After the machine has been properly installed, wash off the slushing oil and 
dirt accumulated in transit with naphtha or a similar solvent of grease. 
Then fill all oiling stations with the grade of lubricant specified (See page 21.) 


Before assembling the V-belts or chain to the motor, turn it over by hand a 
few times to be sure that it rotates freely, and that no foreign materials 
have fallen into the motor during shipment or while being unpacked. 


Start the motor only, and immediately notice the direction of rotation of 
the driving pulley at the rear of the machine. To start the motor with the 
hinged belt guard cover open, the safety switch, Fig. 32, page 45, must be 
held in contact by hand while the regular starting button is pushed. The 
motor must rotate clockwise, as indicated by the brass plate (Fig. 5) attached 
to the pulley. Lever "C", Fig. 15, page 30, should be in its disengaged 
position when the machine is received. The spindle will not rotate until 
this lever is moved to either its "Right" or "Left" engaged position. Run 
the machine for a half hour or so to insure a protective film of oil over all 
bearings, and apply oil frequently during this period. Do not fill the reser- 
voirs while the machine is running. 


Note in particular the saddle-table oil-shot 
lubrication system, station 7, Fig. 7. The oil 
level in this reservoir must be above the low 
limit at all times. If the oil is completely ex- 
hausted, air will get into the system, and it will 
be necessary to operate the pump several times 


to expel the air. Figure 5 
Main Drive Pulley Must 
° Р Rotate in This Direction 
Pull the plunger out the full length of its stroke Viewed From Rear of 


and allow it to return itself. Do not push. Machine 


PULLEY MUST RUN 









600 Β.ΡΜ, 





ес-317 


Filling the Column Oil Reservoir. When necessary to fill the column 
oil reservoir, or add an appreciable amount, the best procedure is to remove 
the small rectangular cover attached to the "feed box" casting on the right 
hand side of the machine. (This is the rapid traverse clutch adjustment 
cover, page 29.) Oil may then be pumped or poured into the column 
rapidly. If poured from a container without a spout, a sheet metal chute 
can readily be fabricated to fit the opening. While one man is pouring or 
pumping the oil into the reservoir, another man shouid watch the oil level 
in the elbow, No. 10, on the left hand side of the machine. As soon as the 
oil reaches the bottom of the threads in the elbow, it is at the proper work- 
ing level. Use oil specified in the table, page 21. 
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CINCINNATI DIAL TYPE MILLING MACHINE 
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Figure 8 


Front View of Plain Dial Type Milling Machine 
Showing Operating Levers 
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OPERATING INSTRUCTIONS 








OPERATING INSTRUCTIONS 


(Refer to Figures 8, 9 and 10 for these Instructions) 


Starting the Machine. Place the cross, vertical, and table feed levers 
CK", "M" апа “R”, respectively) in their neutral or stop positions. (Fig. 
10). Start the motor. Note— The hinged belt guard cover at the rear of 
the machine must be closed and latched before the push-button will start 
the motor. Push up starting lever "A" to start the rotation of the spindle. 
An automatic spindle brake is thrown into engagement when lever "A" is 
pulled down to stop the spindle. 


Changing Spindle Speeds. Start the motor. With starting lever "A" in 
the stop position and the spindle stationary, move speed-feed control lever 
"Q" to “SPEED”. Note that dial "C" is now rotating. When the speed 
desired, shown on dial "C", registers with the arrow, release the control lever. 
Now pause a second or two and then push up starting lever "A". The 
spindle will rotate at the speed indicated by the dial and arrow. The short 
pause mentioned previously gives the gears time to fully engage, and 
thereby prevents clashing of the teeth 


SPINDLE SPEEDS (r. p. m.)—HIGH SPEED MACHINES 
Nos. SERER M — A 92 EM 178 25 ес 


181221271341 41! 51| 63! 78! 97/122 84011045 


SPINDLE SPEEDS (г. р. m.)—MEDIUM SPEED MACHINES 
Nos. 1 and 2 40| 47) 60 | 74 | 92 | c - - - = 331 


20 | : 
Nos. 3 and 4 Fs 221 271 331 40 1231 151! 187! 2231 281 




















152/188/230/2861357/4451550,675 1300 


Nos. 3&4 











414| 500 
= 450 








51 | 63 | 78 | 96 





When working from the rear of the machine, the speed and feed index dials 
are controlled by lever "D". Note that control levers "D" and О" are 
provided with safety pins to prevent them from being moved accidentally. 
On long run jobs, change speeds one full rotation of dial each day. 


Hand Table Feed. Ball crank "E", Fig. 8, is for moving the table by hand 
when the power feed is disengaged. When the crank is rotated one turn in a 
clockwise direction the table moves to the right 1⁄ inch. The dial is gradu- 
ated into 250 equal spaces, which is equivalent to .001" movement of the 
table for each space. All micrometer dials may be reset by merely pulling 
them out against a light spring pressure, and rotating them to the desired 
marking. 


Hand Cross Feed. Hand wheel Ν᾽, Fig. 8, is for moving the saddle by 
hand across the top of the knee when working from the front of the machine, 
while crank "G" is for moving the saddle by hand when working from the 
rear. The crank is interchangeable from Ὁ to “H”. One clockwise turn 
of the handwheel or crank moves the saddle 14 inch towards the column. 
The dial is graduated into 250 spaces, which is equivalent to .001" move- 
ment of the saddle for each space. 
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Hand Vertical Feed. Crank “L”, Figs. 8 and 9, is for moving the knee 
up or down when working from the front of the machine, while crank “H” 
is for moving the knee when working from the rear. One clockwise turn of 
either of these cranks moves the knee up у inch. The dial is graduated 
into 100 equal spaces, which is equivalent to .001" movement of the knee 
for each space. 


Power Table Feed Levers “R” and “S”. Lever “R” is for engaging the 
power table feeds from the front of the machine, while lever "S" is for 
engaging the table feeds from the rear. They are both directional controls, 
that is, the table moves in the direction in which you move the lever. 


Be certain to loosen the table clamping screws, Fig. 17, page 31, before 
engaging the power feed; and it is also advisable to tighten the saddle and 
knee clamping levers if using the table feed alone. 


Power Cross Feed Levers “J” and “K”. Lever Κ᾿ is for engaging the 
power cross feeds from the front of the machine, while lever `J' is for 
engaging the cross feed from the rear. They are both directional control 
levers; that is, the saddle moves in the direction in which you move the 
lever. 


Loosen the saddle clamping lever, Fig. 16, page 30, before engaging the 
power cross feed; and it is also advisable to tighten the table clamping screws 
and knee clamping lever if using the cross feed alone. 


FRONT 
CONTROL 
Ú — POWER RAPID 
TRAVERSE 
LEVER 


FEED 
Y — SERIES 
LEVER 





Figure 9 
Right Hand View of Knee 
Lever “Ү” is on High Speed Machines Only 
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Engaged and Neutral Positions of Front Control Power Feed Levers 


Power Vertical Feed Levers “M” and “Т”. Lever Μ᾽ is for engaging 
the power vertical feed from the front of the machine, while lever "T", is 
for engaging the vertical feed from the rear. They are both directional 
control levers; that is, if pulled up, the knee moves up; and if pushed down, 
the knee moves down. 


Be certain to loosen the knee clamping lever, Fig. 16, before engaging the 
power vertical feed; and it is also advisable to tighten the table clamping 
screws, Fig. 17, and the saddle clamping lever, Fig. 16, if using this feed 
alone. 


Feeds. The method of changing the feed rates, described below, is similar 
to the method of changing spindle speeds. If desired, any combination of 
feed motions, such as cross and table, may be engaged at the same time. 
The spindle must be running to obtain a feed movement. Reversing the 
direction of rotation of the spindle (explained on page 30) does not affect 
the direction of the feeds. 


Changing Feeds. Start the motor. Starting lever "A" and the three 
feed engaging levers ("IK", "M", and “R” Fig. 9) should be in their neutral 
or stop positions, and the feeds SHOULD NOT be changed while any of 
these levers are engaged. Move speed-feed control lever Ὁ to "FEED". 
Hold it in position until the feed desired, shown on dial "B", registers with 
the arrow, then release the lever. The proper feed gears are now in mesh 
to move the table at the feed rate indicated by the dial and arrow. 
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Notice than an auxiliary feed change lever is available for obtaining high 
feed rates on High Speed Machines. This lever, "Y" in Fig. 9, is located 
on the right hand side of the knee. When the lever is engaged in the stop 
at the left, the high series is engaged, and the feed rates are twice those 
shown on the feed dial. When engaged in the stop at the right, the low 
series is engaged, and the feed rates correspond to those shown on the dial. 


STANDARD FEED RATES (Inches/Minute) 
Medium Speed Machines (16 Feeds) 


Dial "B" indicates the longitudinal and cross rates of travel. The verti- 
cal rate is .8 the indicated feed. 





7% 





Table and 


Cross Feeds 21⁄4 | 234 | 3% 534 974 1534| 20 
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STANDARD FEED RATES (Inches/Minute) 
High Speed Machines (32 Feeds) 
Dial "B" indicates the low feed series for the table and cross traverse. 
The high feed series, which is twice the dial reading, is obtained by shift- 
ing lever "Y" (Fig. 9) to the left. The vertical rate of traverse is .8 the 
indicated feed with lever "Y" in the position shown, and 1.6 when it is 
shifted to the left. 





Table and Cross Feeds, 
Low Series ........... 


13423 





16| 54| 34| 1 113% 2341351456) 534| 754| 9711236115320 











Table and Cross Feeds, | 
High Series, .......... 1 14156] 2 |234 








3161414151617141911111611511193412434 |3034 40 





Power Rapid Traverse. Тһе power rapid traverse, controlled from the 
front of the machine by the lever “U” (Fig. 9) and from the rear of the 
machine by lever "F" (Fig. 8), may be engaged at any time and for any 
direction of travel with the spindle either running or stationary. (Of 
course, the motor must be running.) The feed lever which will give the 
direction of travel desired must also be engaged at the same time that the 
rapid traverse lever is engaged. 


For instance, suppose you want to use the vertical rapid traverse. Move 
the vertical feed lever up or down, according to the direction of travel 
desired, then hold the rapid traverse lever in its engaged position, (down). 
The sequence of engaging the levers is an important consideration in long 
life of the rapid traverse clutch—always engage the feed lever first, especially 
when using the vertical rapid traverse. 
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Releasing the rapid traverse lever instantly changes the rate of travel 
from rapid traverse to feed in the same direction. 


When the machine is equipped with the standard feed series (listed on page 
26) rapid traverse for the longitudinal and cross movements is at the rate 
of 100 inches a minute, and vertical at 80 inches a minute. 


When the low feed series is engaged on High Speed machines (lever "Y", 
Fig. 9, to the right) the rapid traverse rates are 50 inches a minute longi- 
tudinal and cross, while the vertical rapid traverse is 40 inches a minute. 
When the machine is equipped with the special low feed series, i. e. 1⁄4 of the 
standard rates tabulated herein, then all rapid traverse rates are divided by 2. 


POWER FEED AND POWER RAPID TRAVERSE TO HEAD 
VERTICAL MACHINES 


The power feed and rapid traverse attachment for the head of the vertical 
machines is a very handy device for tcol room work. It is much more 
convenient than using the vertical travel of the knee for work requiring a 
short vertical feed, such as die making, end milling keyways, accurate 
boring, etc. ` 


Refer to Fig. 13 for the operating instructions given on the following page. 
ADJUSTABLE CLUTCH 


MICROMETER ENGAGING 
KNOB 







HAND FEED RAPID HAND 
HANDWHEEL ADJUSTMENT 
CLAMPING 
NUT CLAMPING LEVER 
Figure 11 Figure 12 
Standard Hand Feed to Vertical Head Left Hand Side of Vertical Head, 


Showing Clamping Lever 
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Slow Hand Feed. | Hand-wheel "Y" is for the slow hand feed of the head. 
With feed lever "X" in its neutral position (approximately horizontal) and 
lever Q” at the high side of the eccentric, trun hand wheel "Y" in a clock- 
wise direction to move the head down. One turn of the hand-wheel is 
equivalent to a head movement of .05". The dial is graduated into 50 equal 
spaces, which is equivalent to .001" for each space. 


Rapid Hand Feed.  Hand- 


HAND RAPID 


wheel "W''is for the rapid move-  pP-fRiP boes” рат"? е TRAVERSE 

ment of the head by hand. | | 

With levers "X" and `Q in the | μάλ, 
T Е | Д ҮН | LEVER 

positions noted above, turn hand- a. | 


wheel “W” in a clockwise direc- 
tion to move the head up. One 


turn of the hand-wheel moves 
the head 6". 





Power Feed. The feed is taken 
directly from the feed box on 
the side of the machine, through 
a spur and bevel gear drive and 
then through a worm and worm 
wheel to the rack on the head. 
Loosen nut “Z” (Fig. 13) and 
the clamping lever on the left 
hand side of the head before 
engaging the power feed or be- 
fore moving the head by hand. 
The head of the high speed verti- 
cals moves at a rate of approxi- HAND FEED y J L -p POMER FEED 
mately .6 the dial reading, and 

the head of the medium speed Figure 13 


verticals moves at a rate of .5 Vertical Head Arranged with Power Feed 
the dial reading. 











POWER FEEDS TO SLIDING VERTICAL HEADS 
em | 








*Feed Indicated by | 
Feed Dial V$ % | 34| 1| 134| 134| 214) 234) 354) 4% 534| 754) 9711236153620 





| 
Actual Feeds to Head | | | | 
High Speed .3/.375,.45,.0/.825.1.05/11.28,1.65,2.182.78 3.45 4.58/5.93 7.439.23 12 à 
Machines | | | 





Actual Feeds to Head | | 
Medium Speed Mi 56 | 3814| 16 | 74 | 116| 13⁄4 186] 256 276) 39g 456 636) Т 
Machines | | | | 
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*Note—If the machine has a special feed series of 144” to 10", feeds to head on medium 
speed machines are same as indicated on dial. 
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Lever ‘‘X”’ is a directional control lever for engaging the power feed to the 
head. To engage the feed, start the machine, move lever "`` to the high 
side of the eccentric, and then move lever "X" in the direction you want 
the head to travel. 


Power Rapid Traverse. The power rapid traverse is controlled by feed 
lever "X" and the regular rapid traverse lever (Fig. 9) in front of the saddle. 
Move the feed lever in the direction you want the head to move and then 
hold the quick traverse lever in its engaged position. The rapid move- 
ment of the head is at the rate of 44" a minute for the medium 
speed machine and 31" a minute for the high speed machine. See para- 
graph entitled “Four Position Turret Stop and Dial Indicator." 


Clamping the Head in Position. Nut “Z” is for clamping the head in 
position. The lever on the left hand side of the head casting (Fig. 12) isa 
quick acting clamp which is convenient when using the feed to the head. 


Trip Dogs. Dogs "P" disengage the’ power feed by striking a small 
plunger which is connected to lever "X". Do not remove the stop screws 
which limit the position for setting these dogs in an effort to obtain greater 
travel to the head. 


Lever “О” is for disengaging the worm 
drive when it is necessary to move the head 
with hand-wheel "W". 


Four-Position Turret Stop and Dial 
Indicator. The downward power rapid 
traverse movement of the head should be 
disengaged before the turret stop screw 
contacts the plunger at the top of the 
indicator bracket. Failure to do so may 
result in a wreck, as the head may "coast" 
after tripping the feed plunger. The turret 
stop should be used as a feed trip only. 
After tripping, the head should be adjusted 
to final position by hand while noting the 
indicator reading. 





Figure 14 
Four-position Turret Stop 
and Dial Indicator 
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SETTING UP THE MACHINE 


(Refer to Figs. 15, 16, 17 and 18) 


Overarm, Supports and Braces. Loosen nuts "B-B" and move the 
overarm to the desired position by turning pilot wheel "A". If the cutter 
chatters an excessive amount during the cut, it is advisable to use the 
overarm braces to correct this fault 


Clamping Devices for Sliding Units. Screws ΕΠ, through intermediate 
shoes, clamp the table in position when tightened. Tighten these screws 
only when using the cross or vertical feed alone. Do not tighten them 
when using the table feed, or the table gib will wear in the spots at 
which the pressure [rom the screws is applied, and there is also much more 
liability of the bearings "scoring" due to the bearing pressures being con- 
centrated. 


Lever `L `` is for clamping the saddle in position when using the table or 
vertical feed. Do not tighten this lever when using the cross feed, as there 
is danger of scoring the bearings in the same manner as described in the 
preceding paragraph. 


Clamp the knee in position when using the table or cross feed by үре 
ing lever “F”. Do not tighten this lever when using the vertical feed, 
there is danger of scoring the column bearings 


Reversing the Direction of Rotation of the Spindle. The direction of 
rotation of the spindle must be the same as the "hand" of the cutter; that 
is, the rotation must be clockwise for a "right hand" cutter, and counter- 
clockwise for a "left hand” cutter. The direction of rotation is controlled 
by lever "C", as shown by the spindle reverse plate near it. Do not try to 
move the reverse lever while the spindle is in motion. 


Note that “ВІСНТ” and "LEFT" on the spindle reverse plate indicates 
the direction of rotation of the spindle when viewed from the rear of the 
machine. 





TABLE 
— CLAMPING 
SPINDLE LEVER 
REVERSE - C WE 
rii — CLAMPING 
LEVER 
KNEE 
F — cLamPine 
LEVER 
Figure 15 Figure 16 
View showing Spindle Reverse Lever Right Hand View of Knee of 
on Gear Shifter Bracket. Lever ''C" is Medium Speed Machine 


Locked in Neutral Position When 
Machine is Shipped 
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Figure 17 


Front View of No. 2 Dial Type Horizontal Miller 
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POWER TABLE FEED LEVER \ 
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TABLE POSITIVE STOP DOGS 


Figure 18 


Table Dogs, Plain and Vertical Machines. 
Long Dog must be to the Left of the Table 
Feed Lever, Short Dog to the Right 


Trip Dogs. Dogs “J” are for automatically stopping the table feed at the 
end of the cut or at any desired point in the table travel, while dogs “K” 
(plain and vertical machines only) automatically trip the table rapid 
traverse. Do not remove the stop dogs which limit the position for setting 
the trip dogs. These stop dogs are used as a safety measure to prevent the 
trip dog being set beyond the actual range of the table. If the job requires 
a greater travel than the machine allows, it must be milled on a larger 
machine with greater range. 


Dogs "E" are for automatically stopping the cross feed at any desired point 
in the cross travel. Safety dogs prevent them from being set beyond the 
actual cross range of the machine. 


Dogs "D' are for automatically stopping the vertical feed at any desired 
point in the vertical travel. Do not remove the stop screws which limit the 
position for setting these dogs. 


POWER TABLE FEED LEVER Ρ6-1889 
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ӨРЕ FEED TRIPDOGS J | 


TABLE POSITIVE STOP DOGS 








Figure 19 
Table Dogs—Universal Machines 
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BASIC SET-UP INSTRUCTIONS 








Setting Up the Fixture and Cutters. Clamp the fixture in the center of 
the table, or as near the center as operating conditions will permit, to avoid 
as much as possible the excessive overhang of the table which causes wear 
on the ends of the table gib and saddle bearings. If you are using a lathe 
dog for holding the work, do not under any conditions use the T-slots of 
the table for tightening the dog screw. When these T-slots become marred, 
the work or fixture which is located from them will not line up properly, 
with the result that a new table must be purchased or the old one re-planed 
to obtain accurate work. 


When using a cutter on an arbor, the cutter must fit accurately and the arbor 
must run true between dead centers to obtain the best finish on the work 
and freedom from chatter. The cutter must be a snug fit on the arbor for 
the same reason. The ends of the spacing collar and arbor nut must be 
perfectly clean before assembling, because dirt particles between the collars 
will spring the arbor when the nut is tightened. Always use as short an 
arbor as possible, and space the cutter as near to the spindle as operating 
conditions will permit. 


When placing a face mill on the spindle, the best method is to place the 
mill on a block of wood resting on the table, and then raise the table until 
the face mill will slip over the spindle nose without undue exertion. Tighten 
each face mill screw a fraction of a turn until they are all tight. 


Cast Iron and Steel Set-Ups. When milling a material which does not 
require coolant, all strainers should be protected with the covers provided 
for them to keep fine chips and particles of metal out of the coolant system. 
If the machine is to be run with such a set-up for a long period of time, it is 
advisable to pump the coolant out of the reservoir. However, do not run 
the standard gear bump without coolant in the base, as the gears depend upon 
the coolant for lubrication. The pump driving gear, visible when the door 
on the rear of the column is opened, may be slid out of engagement with 
the pump. (Fig. 32, page 45). 
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Speed Calculator. The size and kind of 
cutter, work material, cutting speed, and 
cutter R.P.M. are all calibrated on the 
calculator. By properly setting two discs, 
you can quickly determine the correct cutter 
speed. Three factors must be known: 





1. Cutter diameter; for example, assume 3”. 
2. Cutter material; assume High Speed Steel. 
3. Work material; assume SAE-1045 steel. 


To set the calculator, proceed in the following 
manner: 


1. Rotate the red disc until the cutter 
diameter (3") registers with the small 
arrow above the upper window. 





Figure 20 Р 5 
Setting the Spindle à. Rotate the black disc to bring the cutter 
Speed Calculator material (High Speed Steel) in the lower 
window. 


3. Now follow left and downward from the work material (SAE-1045 steel) 
shown on the black disc, to read on the red scale the recommended 
cutter R.P.M., which is about 80 to 97 R.P.M. 


Choose the spindle speed available on the machine nearest to—or within— 
this range, taking into consideration, of course, the hardness of the work 
piece and the general conditions of the cut. In the case of the CINCIN- 
NATI No. 2 High Speed Dial Type Milling Machine, for example, the 
spindle speeds available in this neighborhood are 74 and 92 R.P.M., thus 
where the cutting conditions are normal (as we may assume in the present 
case), the 92 R.P.M. speed should be selected, while if the work piece has 
been given a hardening or toughening heat treatment, or conditions are 
otherwise unfavorable, the next lower speed (74 R. P. M.) should be chosen. 


The cutting speed or peripheral speed of the cutter for the recommended 
R.P.M. may be found if desired by reading directly from the red scaleto 
the black scale. Thus, for the above example, with the same setting as in 
Fig. 20, opposite 92 R.P.M. will be found 72 feet per minute, while opposite 
74 R.P.M. will be found 58 feet per minute. 
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CUTTING FLUIDS 


Several types of cutting fluids are available for milling operations, but only 
two are considered here; (1) Cimcool, a product of The Cincinnati Milling 
Machine Co. and (2) soluble oil, sold by most oil companies. Cimcool is 
recommended because of certain outstanding advantages, particularly in 
cleanliness and sterility, and absence of vapors, hot chips and slippery film. 


Good results will be obtained by following the suggestions outlined in the 
next three paragraphs. 


Cast iron. Ordinarily, cast iron may be milled dry. If the cutter is small 
and the cut is relatively deep, as when T-slotting or rounding out key ways, 
an air blast from the compressed air line will keep the cutter sufficiently 
cool and will also clear out chips. 


Brass, soft bronze, and aluminum—milled dry. If the part deforms 
from the heat of machining, or is too hot to handle, cutting fluids may be 
used. Use one part of Cimcool or soluble oil to forty parts of water. 


Steel, malleable iron, wrought iron, and hard bronze—A mixture of 
one part of Cimcool in forty parts of water is suitable for most milling 
operations, although a richer mix up to one part of Cimcool in twenty parts 
of water may be used for hard steel. Soluble oil may be used in richness 
varying from one part in ten parts of water for hard steel to one part in 
forty parts of water for malleable iron. 
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CLEANING THE COOLANT RESERVOIR AND 
COOLANT STRAINER 


The coolant reservoir in the base of the 
machine should be cleaned out occasion- 
ally to maintain the full capacity for cool- 
ant; and to prevent grit from circulating 
with the coolant and thereby wearing 
out the pump gears too rapidly. Remove 
the cover over the cleanout opening at 
the side of the base, Fig. 21. With the 
aid of a small scraper, similar to the soot 
scraper for the old-fashioned coal range, 


scrape out the sludge. 


'The coolant strainer should be cleaned 
about once a week to assure a free flow 
of coolant. Loosen the coupling next 
to the pump and lift out the suction line 
and strainer. Wash the strainer in 
kerosene or naphtha, and blow it out 


with an air hose. 
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Figure 21 


Coolant Pump, Relief Valve, 


and Strainer 
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Figure 22 
Section Through Head Type Gib 
with Guard 
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Figure 23 
Section Through Headless 
Type Gib 
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Adjusting the Tension in the V-Belts 


Adjusting the Gibs. Two 
types of gibs, shown in Figs. 22 
and 23, are used to take up the 
wear between the sliding units. 
The amount and method of ad- 
justment, however, are about 
the same for each type. Adjust 
the gib inward (the screws have 
right hand threads) and try the 
movement of the unit with the 
hand crank. 


When adjustment of the gibs is 
necessary, they should never be 
drawn up so tightly as to pro- 
hibit free movement of the parti- 
cular unit by means of the hand 
crank. Tight adjustment squeezes 
out the oil film and causes scor- 
ing and untimely wear. Clean , 
the bearings of the sliding units 
occasionally to avoid undue wear 
on the ends of the gibs. 


Be sure to retighten nut "C" 
when adjusting head type gibs. 


1. Open the hinged cover on the rear оЁ the machine. (Fig. 32, page 45) 


2. Adjust the hinged motor base downward by loosening the lower nut 
and tightening the top nut on the adjusting screw at the right. А good 
general rule for proper tension: when struck with the hand, belts are 


tight but springy. 
3. Tighten the adjusting nuts securely. 


4. A few words on the care of V-belts: 


Keep oil and grease away from 


them. Never apply belt dressing. Be sure pulleys are in line; adjustable 


motor rails are provided for this purpose. 
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Adjusting the Driving Clutch. The clutch for these machines is self- 
compensating within certain limits, thereby eliminating the necessity for 
adjustment until the wear exceeds these limits. Nut "B", (Fig. 24), regu- 
lates the allowance for the self-compensating effect, or wear; which is about 
.020" when the clutch is new or after it is adjusted. 


The position of nut "A" determines the force transmitted by the spring to 
the clutch plates, and therefore determines the load which the clutch will 
carry. Nut “A” is set by our assemblers to obtain the full capacity of the 
spring; therefore it should not be moved within the life of the clutch. 
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Figure 24 
Section Through Main Drive Clutch 


To make the adjustment to insure proper clutch engagement, proceed as 
follows: 


1. Start the motor, fully engage the starting lever, stop the motor. 
2. Open the door over the pulley bracket unit. 

3. Remove the cotter pin through nut “B”. 
4 


Turn nut “В” in a clockwise direction as far as it will go (touches nut 
А), then back it away about two notches. 


5. Replace the cotter pin. 


The clutch may be worn to such an extent that nut "B" can not be turned 
in a clockwise direction, as stated in step No. 4. If this condition exists, 
do not try to force it; just back it away the required amount. If, after 
making the adjustment, the spindle rotates slowly with the starting lever 
in the stop position, nut "B" has been backed away too far, allowing the 
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clutch plates to contact with the clutch finger holder in the stop position. 
When the clutch is properly adjusted, spring sleeve "C" will move out 
about .020" when the starting lever is pushed up. 


Because of the hydraulic clutch engaging device, there is no longer the 
"feel" of correct adjustment as present in a mechanical design. Therefore, 
be sure the adjustment is made carefully and accurately. Any other pro- 
cedure may ruin the clutch. 


Adjusting the Rapid Traverse Clutch. If the rapid traverse clutch is 
slipping, it must be adjusted before undue wear takes place. Proceed 
in the following manner: 


l. Remove the small brass cover 
“D” which is held to the feed 
box by four 14” hex head cap 
screws, Fig. 25. (These in- ! 


structions are also engraved on =< J 
this cover). LEANY 
í κά) 
















2. Loosen screw "A". 






















= 
3. Pull out lock pin "B" and turn “ Σχ, ЕЕ 
. А ΤΩ NSS ἤ =, i 
adjusting yoke "C" towards ΠΤΙ Se 
the plates. (The threads are NZ KE. iI SS 


SX OS 
SINGEN 


ы e 


right hand). 













4. See that lock pin "B" is en- 
gaged in one of the holes. 


Tighten screw "A". Try pin Figure 25 

B" to be sure that it moves Section Through Rapid Traverse 
freely in and out of the locating Clutch 
hole. 


5. Replace cover "D". 


Rapid Traverse Plunger Too High. Evidence of extreme wear of the 
rapid traverse clutch may be evident in the amount the plunger extends 
out of the saddle. (It moves in conjunction with the movement of the rapid 
traverse lever). If this plunger is so high that the rapid traverse dog will 
not clear, the clutch should be adjusted as explained in the preceding para- 
graph. 
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Adjusting the Table Feed Screw Bearings. The table feed screws of 
these millers are provided with adjustable tapered roller bearings at each 
end. When adjustment is necessary, adjust the right hand bearing only. 






r LOCK SCREW 
Г ADJUSTING NUT 
LOCK SHOE 


Figure 26 


Section Through Right Hand 
End of Table Feed Screw 


Mounting РС-1429 
1. Remove the cone shaped cover over the end of the table feed screw at Ἷ 
the right hand end of the table. 
y 


2. Loosen the hex head screw through the adjusting nut, and tap the 
screw and nut to loosen the lock shoe. 


3. Tighten the adjusting nut with a face spanner wrench, and then back 
away about 1/16 turn or less. 


4. Re-tighten the hex head screw and replace the cover. 





Turn the table feed ball-crank with the power feed disengaged and try to 

determine by the "feel" whether the bearings have been adjusted correctly. | 
They should not be adjusted so tightly as to make it difficult to move the 
table, but on the other hand, there should not be a noticeable amount of | 
"play" in the bearings. It is important, of course, to see that the table í 
gib is loose enough so that the table can be easily moved in order to differen- 
tiate between a tight lead screw bearing and a tight gib bearing 


When the "play" is caused by a worn lead screw and nut, it is necessary to 
replace these parts in order to obtain accurate work. 














=| 40 | — τοπ 





ADJUSTMENTS 








1. Remove the screw at the end of the cross feed screw, and remove the 


| 

| 

| Adjusting the Cross Feed Screw Bearings. 
| 

| cross feed hand wheel (Fig. 27). 


2. Remove the screw plug through the diameter of the cross feed dial. 







CROSS FEED 
HANDWHEEL 
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Sia ασ 
Heer Д 


Figure 27 
Section Through Hand- 
wheel and Front Bearing 

of Cross Feed Screw 
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3. Turn the dial until a set screw is visible through the pipe plug hole. 
Remove this screw. 


4. Slip the dial, spring retainer and spring off the clutch. 


5. Knock out the taper pin through the clutch, remove the collar screw 
from the oblong slot, and remove the clutch and collar. 


6. Insert eye bolts into the two threaded holes in the dial clutch, and 
remove it by pulling straight out. 


7. The adjusting nut is now visible. However, before it can be adjusted, 
two dog point locking screws must be removed. "These screws, one on 
b top of the other, will be found in the knee casting near the dial. 


8. With a face spanner wrench, adjust the bearing nut until tight, and 
then back away one slot. 


9. Replace the parts in the reverse order in which they were removed. 
Turn the cross feed hand wheel with the power feed disengaged and try to 


determine by the "feel" whether the bearings have been adjusted correctly, 
as explained under "Adjusting the Lead Screw Bearings." 
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Figure 28 
Section Through Spindle of Horizontal Machine 


Adjusting the Spindle Bearings 


1. Shift the spindle reverse lever to its middle position. 


2. Remove two keys in face of.spindle. Clamp a rectangular rod, about 
10 or 12 inches long, ifthe key slots. 

3. Horizontal Machines—remove pipe plug "B" at the side of the column 
(Fig. 28). 

Vertical machines—remove the small rectangular plate in front of the 
vertical head. 

4. Loosen hex head screw "C" and tap the socket wrench to loosen the 
shoe in the locknut. 

5. With the socket wrench in position, turn the spindle counter-clock wise 
about a revolution and then clockwise until the bearings are drawn 
up snug. (Important—see last paragraph on end play). 

6. Re-tighten hex head screw "C" and remove the wrench. 

7. Now rotate the spindle several times by hand to properly seat the 
bearings. 

8. Replace the pipe plug and remove the rod from the face of the spindle. 


Adjustment of the front bearings only is sufficient in all cases and the rear 
bearings should not require attention. 

Machines which are used for general purpose work should have about .001” 
end play in the spindle bearings. Machines for high speed work exclusively, 
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such as those for high speed carbide milling, should have about .002" end 
play in the spindle bearings. These readings are taken with the bearings 
cold. 


This "end play" can be measured by indicating the end of the spindle nose 
with a τορσο indicator and lightly tapping the spindle from the front to the 
rear and reading the indicator dial. The temperature of the spindle when 
run continuously at its highest speed for four hours, should not exceed 
145? F. when properly adjusted. Test the temperature with a thermometer 
inserted into one of the screw holes in the spindle cap. 


Speed Gears Fail to Shift. If the speed gears do not shift, the difficulty 
may usually be traced to dirt in the oil or a poor grade of oil, causing the 
relief valve plunger to stick and hold the ball off its seat. 


CLEAN- OUT 
FOR RELIEF 
VALVE 





Figure 29 
Gear Shifter Bracket 


Ordinarily, this condition can be easily corrected by removing screw “A”, 
Fig. 29, while the motor is stopped, and blowing a strong blast of air in the 
hole. If this does not help, it may be necessary to adjust the pressure of 
the oil pump in the column (see next page) or to remove the gear shifter 
bracket. Instructions for removing this unit are given in "Service Manual 
and Repair Parts Catalog for CINCINNATI Dial Type Milling Machines", 
a copy of which was sent with the machine. Only experienced maintenance 
men should do this job. 
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Setting the Oil Pressure of Pump in Column. This adjustment should 
not be required at any time, except perhaps to correct a previous mis- 


adjustment. 


TO GRAVITY FEED 
RESERVOIR 










HYDRAULIC 
INTERLOCK 


PRESSURE PUMP 





TO GEAR SHIFTER 
+— BRACKET 







IN COLUMN Ὁ 
tT Ц 
í | 


GEAR SHIFTER BRACKET 






STRAINER 


Figure 30 
Oil Pump and Piping in Column 
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STARTING LEVER 
BUSHING 


Figure 31 


Section Through Relief Valve and 
Starting Lever Bushing 
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1. Remove screw plug "A", 


Fig. 30, at bottom of gear 
shifter bracket. Screw at 
least a 500 lb. hydraulic 
gage in this connection. 
This is a 4—16 R. H. 
tapped hole and requires a 
special fitting, or drill and 
tap 14” pipe thread through 
plug "A" for gage. 


. Pull overarm forward to 


uncover plate on top of 
column, Fig. 31. Remove 


this plate. 


3. Remove first of two 
3⁄4” hollow headless 
set screws in the end 
of starting lever 
bushing at B í Pig, 
3i. 









4. Turn second screw 
at “B” in to increase 
gage pressure. It 

E" should be 290 lbs. to 
310 lbs. Replace 


locking screw. 
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SAFETY PRECAUTIONS 


The table and vertical traverse dog slots are provided with stop dogs and 
screws, respectively, which limit the position for setting the trip dogs. Do 
not remove these stops or the trip dogs in an effort to obtain more travel, as 
serious damage to the machine may result. If the job requires a greater 
range than the safety stops and dogs allow, it must be milled on a machine 
with greater table travel. 


Safety dogs for the cross traverse are pinned in place, making it impossible 
to exceed the cross traverse. 


If the spindle speed decreases when the table starts to feed the work into 
the cutter, the motor or clutch is at fault. Have the motor inspected and 
repaired, if necessary, by an experienced repair man. Then again note the 
action of the spindle when cutting. If it still slows down a noticeable 
amount, adjust the driving clutch as described on page 38. To avoid 
possible damage to the clutch or motor, make these corrections as soon 
as you notice the spindle speed decreasing under load. 


The clutches on all hand cranks are provided with releasing devices to keep 
them out of engagement while they are not in use. Do not remove the 
device for the sake of keeping the crank in engagement, as it may result in 
serious injury to yourself or some 
other operator. 


Do not try to reverse the direction 
of rotation of the spindle while it is 
in motion. 


If you should decide to inspett the 
V-belts or the motor, and forget to 
shut off the electric current at the 
push-button station, the motor will 
stop as soon as the hinged cover at 
the rear of the machine is opened. 
The contact switch just above the 
latch bracket on the column, (indi- 
cated by arrow, Fig. 32) compensates 
for such an oversight by automa- 
tically breaking the circuit. When 

Figure:32 again starting the machine, it will be 
Hinged Cover Open to Show Belt necessary, of course, to latch the 


Tension Adjustment, Safety Switch я š 
and Gear r son Coalant Puma cover andl push the starting button. 
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DIVIDING HEAD 


Cincinnati Dividing and Spiral Milling Heads are used extensively in 
milling spiral and helical gears, constant velocity drum cams, etc. The 
manner of transmitting motion to the spindle in the head is the same for 
both types, but the construction of the main castings are entirely different. 
The Dividing Head is designed so that its spindle can be swiveled vertically, 
while the spindle of the Spiral Milling Head is rigidly fixed in a one-piece 
housing to provide an attachment suitable for heavy and continous helical 
milling. Change gears are the same for both types of heads and therefore 
the tables and instructions in this booklet apply to both types, but the 
driving mechanism units (Figure 37) are not interchangeable from one to the 
other. 


The spindle of the Dividing Head is housed in a swivel block, allowing it to 
be swiveled to any angle from 5° below the horizontal to 50° beyond the 
vertical. This arrangement permits bevel gears of any pitch angle to be 
milled, and many other types of work requiring concentrically spaced slots 
or holes at an angle to the center line of the work piece. 


The tailstock centers may be swiveled, and also raised or lowered, for 
taper work. The center-bar is reversible, to bring either the large or the 
small center point into working position. 


There are a few oil cups in the Dividing Head. Be sure to apply oil 
periodically. 


Figure 33 
12" Dividing Head, Tailstock, Steadyrest and Driving Mechanism 
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CENTER 
ADJUSTMENT 


INDEX 
PLATE 


SPINDLE 
CLAMP 


ECCENTRIC FOR 
DISENGAGING WORM 





SWIVEL BLOCK 
CLAMPING BOLTS 
(BOLT ON LEFT BEHIND CASTING) 


Figure 34 
Rear View of the 10” Dividing Hea 


Because of the splined shaft drive, the Dividi 
be placed flush with the end of the table w 





SWIVEL 
LOCK 
CENTER 
LOCK 





SLIDE LOCK 
AND PIVOT SHAFT 


CENTER 


d and Tailstock 


ng Head headstock need not 
hen set up with the driving 


mechanism on the Nos. 3 and 4 machines. (See Fig. 33 for example). The 


12” and 14” heads, on the No. 3 machines, ma 


mechanism a maximum of 1014” from the end of the table. 


y be connected to the driving 
On the No. 4 


machines, the 12” and 14” heads may be power driven while clamped as 


much as 1414" from the end of the table. 



































SPECIFICATIONS FOR DIVIDING HEADS 
| m | 
IDi fi i 
scat Taper | PSP | ovean ЕЕЕ: Approx: Weise 
Size Swin Hole in er Length| ,to Table UE 
ing [Spindle r ito of Head "ey, Seine РЕ ο 
10" ! 10%” |10 B&S ©” 134%" | 1045” 140 165. | 39 Ibs. 
Dividing Heads.| 12” | 12%” | 11 B&S 716” | 1516" 1214" 23 Ibs. | 52 lbs 
14” | 14%” | |] B&S |. 71%" 1524* Dig" 1233 Ibs. | 55 Ibs. 
Ratios ss ses sas 40 to 1 
Holes Drilled One side— 24, 25, 28, 30, 34, 37, 38, 39, 41, 42, 43 
in Index Plate...| Other side—46, 47, 49, 51, 53, 54, 57, 58, 59, 62, 66 
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The Sector. Index plates on all CINCINNATI Dividing Heads, Spiral 
Milling Heads and similar equipment have a sector for convenience in 
indexing. Fig. 35 shows the sector set for 220 divisions, which requires that, 
for each division, the index pin move over a series of twelve holes (spaces) 
in the 66-hole circle. The hole in which the index pointer rests, should not 
be counted when setting the sector. This factor is sometimes the source 
of a mistake in setting up dividing head work, and must not be overlooked. 


After the sector is spaced 

for the desired number of 

holes and tightened with 

INDEX 

С PLATE the lock screw, no further 
counting of holes is neces- 

Lir sary. Merely withdraw the 
SCREW index pin from the hole 
next to the left hand arm of 
the sector, relocate it in 
the hole next to the right 
hand arm, and then swivel 
STOP the sector to again bring 
the left hand arm against 

the pin. The Dividing 

Head spindle and work will 





SECTOR 





be» Figure 35 ΝΕ then have rotated 1/220 
Dividing Head Sector Set for 220 Divisions revolution (for the set-up 
illustrated). 


Example: Suppose you want the proper setting for a 21-tooth gear. Con- 
sulting the "Index Tables" you will find that for 21 divisions you must use 
the 42 hole circle. Set the index plate so that the side which has the 42 
hole circle faces the index pin. Set the pin in any hole in that circle and 
space the sector for 28 spaces. Then for each of the 21 divisions, rotate the 
index pin through one revolution of the crank, plus the spacing of the sector, 
or 28 spaces. 


Index Plate Stop. The index plate stop, Fig. 35, engages notches in the 
index plate, preventing it from rotating. If the Head is connected to the 
driving mechanism for a spiral or helical milling job, the index plate, sector, 
and crank rotate as a unit. For such a set-up, the stop must be disengaged 
from the plate. In other words, the stop should be engaged only when the 
Dividing Head is not connected to the power drive, as when milling spur 


fo 
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gears, bolt heads, etc. The stop serves as a safety precaution in preventing 
mistakes which would occur if the index plate itself were moved slightly 
while indexing. 


The index plate stop may also be used as a guide to accurately reset work 
which has been removed from the Dividing Head for purposes of inspection. 
First reset the work in approximate relation with the cutter. Then with- 
draw the index plate stop, and with the index pin engaged, rotate the 
crank a sufficient amount to accurately position the work. Re-engage the 
stop in the notches on the rim of the plate. Two inches of the circumfer- 
ence of the plate is notched, and the notches have a pitch of .060". There- 
fore, a movement of one notch on the index plate is equivalent to i8ksb of a 
revolution of the work. 





Figure 36 
Dividing Head Set-Up for Milling Helical Gears 


Setting Up the Dividing Head and Driving Mechanism. The instruc- 
tions outlined for this set-up should be followed in the order in which they 
are listed, 


l. Clean the table of the milling machine and the bottom of the dividing 
head and tailstock. 


2. Clamp the dividing head headstock in the center slot of the table, in 
a suitable position for the length of the work. (On No. 2 Machines only, 
the rear of the headstock must be approximately flush with the right 
hand end of the table). 


jo 
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Test the dividing head spindle with a test bar and indicator to see 
that it is parallel with the table. 


Clamp the tailstock in the proper position, depending upon the length 
of the work. 


Line up the tailstock center with the headstock center. 


Line up the cutter central with the dividing head or tailstock center. 
Note.—When milling extremely steep helical angles, older Spiral 
Milling Attachments on Nos. 3 and 4 Dial Type Millers require 1^ 
parallel blocks between the attachment housing and machine column 
to bring the cutter out to the center of the work. 


Lock the saddle in position. 
Swing the table to the correct angle. (Universal machine only.) Ifa 


Spiral Milling Attachment is being used on a plain machine, swing it 
to the correct angle. 


Lock the housing in position. (Universal machine only.) 


Withdraw the index plate stop (Fig. 35). The index plate must be 
free to revolve with the index pin. Note—The stop engaging the 
notches in the rim of the index plate should be engaged only when the 
Dividing Head is used without the driving mechanism. 








Figure 37 
Dividing Head Driving Mechanism 
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ll. Setup the change gears. 
12. Set the index plate and sector for the proper spacing. 


13. Oil the dividing head and change gears thoroughly. 


Note a: With the Driving Mechanism connected to the Dividing Head, especially when 
the Head is equipped with a Wide Range Divider, (page 58) we do not recommend the use 
of the power rapid traverse to the table. 


Note b: Be sure to set the table stop dog to the left of the arrow. See instructions "Setting 
Up the Driving Mechanism the First Time", page 80. 


How to Select the Proper Change Gears. Suppose you want to cut a 
helix of 1514" lead. Consult the "Table of Leads" and find the lead which 
is nearest 1514 —іп this case 15.256. The change gears for this lead, 51, 18, 
21 and 39, may be used, because the lead obtained is close enough to the 
lead desired for practical purposes. 


You will notice that gear "C" is not listed for some leads. In such cases 
only one intermediate gear (B) is required, and a collar replaces gear Ὁ . 


Setting Up the Change Gear Segment. Remove the cone-shaped cover 
on the apron at the right-hand end of the table (Fig. 26, page 40). Then 
place the change gear segment on the apron, screw half-nuts on the two 
studs, and tighten them securely. Place the change gears in the positions 
indicated for the desired lead, being careful not to get gears B and C inter- 
changed. The "hand" of the lead is fixed by gears X and Y, as shown in 
the table below. 


After the set-up has been completed, move the table by means of the hand 
feed crank, to be sure that the entire mechanism operates freely, before 
engaging the power feed. Remove the hand crank and keep the cover 
closed while the machine is in operation. 














Right-Hand Left-Hand 
Helix Helix 
Dividing Head Remove gear Y Gears X and Y, as 
Reverse gear X shown in Fig. 37 
12" and 16" Gears X and Y, as Remove gear Y 
Spiral Head shown in Fig. 37 Reverse gear X 
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Calculating the Change Gears Required for a Given Lead. Many 
leads can be obtained other than those listed in the table. They were 
omitted because the difference was too small for ordinary requirements, 
but if you do not find a lead in the table which is close enough to meet your 
needs, the following formula will enable you to calculate all the possibilities. 


Lead _ Driven _ A x C 








lÓ Drivers Bx D b 

Suppose you want a lead of 35.789”, 
8 узы, DLE, μη 

l 27 x-:I9 

Gear A = 51 Teeth Gear C = 36 Teeth | 
Gear В = 27 Teeth Gear D = 19 Teeth | 
Standard change gears furnished with enclosed driving mechanism: | 
1 — 17 teeth 2 — 24 teeth 1 — 42 teeth | 
1 — 18 teeth 1 — 27 teeth | — 45 teeth | 
1 — 19 teeth | — 30 teeth | — 48 teeth | 
| — 20 teeth 1 — 33 teeth 1 — 51 teeth | 
1 — 21 teeth | — 36 teeth | — 55 teeth і 
1 — 22 teeth 1 — 39 teeth 1 — 60 teeth | 


A feu gear combinations can not be used (and, consequently, are not tabu- 
lated) because of interferences. For example, lead 36.090, gears 48-19-30-21. 





Emergency Conversion to Short Leads. With the standard driving j 
mechanism illustrated in Figure 37, leads lower than those listed in the 
tables, pages 100 to 116, can be obtained, using hand feed only (rotating the | 
index crank at the side of the head). To change the gearing for low leads, | 
remove gear "D". A 34 tooth gear is now exposed, meshing with the 34 | 
tooth gear on the lead screw (directly below gear Ὁ”). Remove these two 
34 tooth gears, and replace them with the standard 51 teoth change gear I 
on the lead screw and the standard 17 tooth change gear on the stud for | 
gear "D". Instead of a | to | ratio, we now have a speed-up of 3 to 1. à 
Leads for the change gear combinations listed are now divided by 3. | 
Caution: Some of the change gear combinations are not obtainable because 
of interference with the segment. | 





This set-up should be used only for occasional jobs. If leads shorter than 
2V$" are cut often, we recommend the Long and Short Lead Attachment. 
Of course, this attachment can be installed only at our factory, as extra 
parts must be assembled into the saddle of the machine. 
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Leads Near the Low Range. When cutting leads within the low range 
of the Dividing Head driving mechanism, certain precautions should be 
observed. If, for example, the gears are set up for a 10" lead, the ratio of 
the change gears is 1 to 1, and the table feed (lead) screw rotates 40 revolu- 
tions to one revolution of the dividing head spindle. 


For leads greater than 10", the dividing head spindle runs slower in relation 
to the speed of the lead screw. Example: 20" lead, table feed screw 
rotates 80 revolutions, while the dividing head spindle rotates one revolu- 
tion. This requires a change gear set-up which reduces the speed from the 
lead screw to the dividing head, resulting in a mechanical advantage in 
transmitting power. 


For leads shorter than 10", the dividing head spindle runs faster in relation 
to the speed of the lead screw. Example: 5" lead, table feed screw rotates 
20 revolutions, while the dividing head spindle rotates one revolution. 
The change gear set-up for these low leads increases the speed from the lead 
screw to the dividing head, resulting in a mechanical disadvantage in 
transmitting power. The slow speed of the lead screw causes a "wind-up , 
which may produce a slightly jerky motion when milling short leads on 
large diameters of work. Therefore, conditions should be as nearly correct 
as possible when cutting short leads, particularly those from 226” to 5". 
These conditions may be summarized in a few words. (a) the table gib 
should be correctly adjusted (not too tight), (b) the change gears should 
have a slight amount of back-lash, (c) the table ways and lead screw should 
be well oiled, (d) the table feed screw should rotate freely. Also, it might 
be noted that with a relatively high table feed, say 534" per minute, a 
greater proportion of power is available at the dividing head. 


When all contributing factors are correct, the machine will pull a reasonable 
cut with a set-up for the lowest lead of 244”. If the cut should be unneces- 
sarily heavy, then it is advisable to feed by hand. This may be done by 
allowing the table feed engaging lever to remain in neutral position and 
driving the dividing head and table by hand through the index crank in 
front of the index plate. With a short lead set-up hand feed is very easy, 
as the mechanical advantage is then in favor of the operator. 


If leads lower than 5" must be cut often, we recommend our short lead 
mechanism. (It may be applied to Universal machines only.) Then leads 
as low as .010" may be cut by power. 


Rapid Traverse and High Feed Rates. When the driving mechanism 
is set up for low leads, do not engage the table rapid traverse, or use high 
feed rates of 11" or 16" per minute. Such rapid rates of table traverse drive 
the dividing head too fast, resulting in rapid wear or perhaps "freezing" of 
the dividing head spindle in the block, as they are fitted very closely to 
obtain accuracy in spacing. 


ko 
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How to Calculate the Angle for Setting the Spiral Milling Attach- 
ment. Suppose you want to mill a lead of 716" on a 3" diameter *work 
piece. The angle for swiveling the attachment is not shown for this com- 
bination, but it can be calculated very easily from the following formula: 


3.1416 x diameter 
lead 





Tangent of angle = 


3146 x 3 _ 
7.5 


In the above example, Tan. angle — 1.2566 


— et  — BR» 


Angle = 5114? (See table, page 121.) 


How to Calculate Indexing with the Side Plate. (Standard Dividing 
Head). In case a particular circle of holes on the index plate becomes worn 
through constant use, you may be able to use some other circle of holes and 
get the same result. The following set of rules and example illustrate the 
procedure to follow in obtaining the maximum number of settings for any 
condition of indexing. Since the ratio between the worm and worm-wheel 
in the Cincinnati Dividing Head is 40 to 1, then: 


l. Divide 40 by the number of divisions required. The result gives the | 
number of turns or fraction of a turn of the index pointer. 





2. If a fraction of a turn is required, the denominator (the lower part of 
the fraction) represents the circle to use, while the numerator represents 
the number of spaces in the circle over which the index pin must pass. 


3. Reduce the fraction to its lowest terms, and multiply both parts of the 
fraction by the same number until the denominator equals the number | 
of holes in any circle. | 


Standard Dividing Head Plate—Number of holes for indexing: 24, 25, 28, | 
30, 34, 37, 38, 39, 41, 42 and 43 on one side; 46, 47, 49, 51, 53, 54, 57, 58, 4 
59, 62 and 66 on other side. 


Example 
Suppose you want to calculate all the indexing circles for 3 divisions | 
40 


3 = 13 + turns of the index pointer. | 


*Note: Use pitch diameter in calculating helix angle for helical and spiral gears, worms, etc. | 
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One-third of a turn could be obtained by rotating the index pin over 
one space in a 3 division circle—(Rule 2). Since we do not have a 3 hole 
circle, we must use one into which the number of holes can be evenly 
divided by 3. For instance, 8 spaces in the 24 hole circle, (8/24 — 1/3), 10 
spaces in the 30 hole circle (10/30 = 1/3), etc. One-third of a turn can be 


obtained in any of the following circles: 


i y A = Ё, ог 8 spaces in the 24 hole circle. 
Example 
Suppose you want to calculate all the indexing circles for 56 divisions. 
E. = > of a turn of the index crank. 
5 ‘ : = 29 or 20 spaces in the 28 hole circle. 


fo 


Angular Indexing. Tables for angular indexing with the standard and 
high number index plates are not tabulated in this book because they are 








little used as compared to numerical 





divisions. However, angular spac- Circle | One Space || Circle | One Space 
ing can readily be calculated, 24 22’ 30" 46 11 
keeping in mind that one complete 25 | 2d" 26%“ 47 Lil 
turn of the index crank = 9°, one 28 | I9 17" 18 11} 
space in the 30 hole circle = 18’, 30 I8 0” 4l 10" 
; 34 13* 53 53 10 
and one space in the 54 hole circle 37 14’ 36" 54 10’ 
= 10’. The tabulation at the right 38 | 14" 13” 57 9’ 
shows the angular movement of the 39 ]35 ole 58 9' 
Dividing Head spindle for a move- > ae > d 
ment of the index crank of one 43 12/ 33" 66 87 














space in the various hole circles. 


44" 
29” 


1/7 


1 
i 
i 

0” 
28/* 
19” 

9” 
437 
] 1“ 
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CLAMPING STRAPS 
SWIVEL BLOCK 









Plain Indexing with the 
Front Plate. Direct in- 
dexing is often used for 
making the divisions listed 
in the following table be- 
cause it is faster than in- 
dexing with the side plate 
through the 40 to 1 worm 
reduction. To change the 
dividing head into plain 


σης 


22 


I: 











xx 














index centers, turn the ! 
eccentric for disengaging 

the worm (Fig. 38) through L gccENTRIC ADJUSTING ---οιι 

half a turn. The worm is Beet C dais vene CHAMBER 

then disengaged and index- WARM Figure 38 tais 

ing is accomplished by Section Through Dividing Head 

turning the spindle by hand. Showing Worm | 
The front plate (Fig. 39) is drilled with three circles of holes: 24, 30, and | 
36. It will index any number which divides evenly into any one of these 

numbers of holes in a circle. When changing from plain indexing back to j 
universal indexing through | 
the side plate, it is BERGER PRONT SPINDLE = | 
ant that the front index PLATE RING SWIVEL | 
pin be locked in its "out" CLAIM | 
position. BOLT | 


Indexing with the Front Plate 



















р рт үтү ET | 
Glolco|B83jo|o στ SS | 
24|i2| 8 |24| 3 > ‘ory | 
2 |30|15|-9-|36 ^4 4 \Y | 
36 18 |10130 | 3 WORK £4 Or 1 
94 | 8 SPINDLE | 
3 30 | 10 Tr |34| 3 | 
3612 36 | 3 \ 
5.136] SLE |за | 
[эр| 6128 | 58| 2 wORM SWIVEL BRONZE | 
24 5124 1 BLOCK BUSHING 
T4 30 οἱ 1 ς | 
в [30| 5 [36 36 1 ки | 
36 | 6 Section Through Dividing Head 

















| 
Showing Front Plate | 
Dp 
| 
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DIVIDING HEAD SPINDLE 











Clamping the Dividing Head 
Spindle in Place. The spindle 
should be clamped in place (except 
when milling helices) during heavy 
cutting operations to relieve all strains 
on the worm, worm-wheel, and index 
pin. (Fig. 40.) Screw "A" forces 
wedge "B" into split ring "C", firmly 
clamping the spindle in place. Be 
sure to unclamp the spindle before 
turning the index crank or engaging 
the table feed while the head is set up 
for milling helices. 


Adjusting the Dividing Head Worm. 








Figure 40 


Section Through Dividing Head 
Showing Spindle Clamp 


Wear between the worm and 


worm-wheel may be eliminated in the following manner: 


1. See that the worm is engaged with the worm-wheel (Fig. 38). 


2. Remove the back-lash from the worm by tightening the locknut on 


the end of the worm shaft (Fig. 38). 


3. Remove the cover from the bot- 
tom of the swivel block (Fig. 41). 


4. Release  filister head screws 
“A-A”, turn both set screws 
"B-B" the same amount in а 


counter-clockwise direction, and 
then retighten screws "A-A". 


5. Turn the dividing head spindle 
by hand to see that it rotates 
freely with no evidence of back 
lash, and then replace the cover. 









“2 


7 


6 


PC-2471 B A B 


COVER 


Figure 41 
Section Through Worm Adjustment 
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THE WIDE RANGE DIVIDER 


The Wide Range Divider applied to a Cincinnati Universal Dividing Head 
enables you to obtain divisions from 2 up to 400,000. It consists of large 
index plate "A", sector and crank "B", together with a small index plate 
"C", and sector and crank "D". The mechanism is so arranged that 
crank “Ὁ operates through reduction gearing of 100 to 1 ratio enclosed in 
housing `G”. The ratio between the { 
wormshaft and thespindles is 40 to 1. I 








Set up for indexing in the con- 
ventional manner. The divisions 
given in the table (page 95) can be 
obtained by utilizing crank "B" 
only in combination with the 
proper hole circle on the large 
plate. (Large plate drilled on both 
sides and contains 11 circles of holes 
on each side). The index pin in 
crank "B" can be swiveled to any 
hole circle. When indexing in this ; 
conventional manner, the operation Figure 42 } 
is exactly the same as it is on the Wide Range Divider 
regular Cincinnati Dividing Heads. 





How to use the Wide Range Divider. Any whole number of divisions, 
up to and including 60, and hundreds of others, can be obtained with the 
large plate only, and the setting may be read directly from the table, page | 
95. If the number of divisions required is not listed in the table, calculate 
the setting in the following manner. 


Set-up 


*]. Divide 400,000 by the number of divisions desired, for example 67. 
The result gives you a whole number quotient and a fraction —5970;7. | 














Adjust cranks "B" and "D" to the 100-hole circle on their respective 7 
plates. | 


το 


3. Set the sector on large index plate "A" for 59 spaces on the 100-hole 
circle, 59 being the first two whole numbers of the quotient obtained. 
4. Set the sector on the small index plate "C" for 70 spaces on the 100-hole 
circle, 70 being the last two whole numbers of the quotient obtained. | 


*Note: Should the quotient be a five-digit number, the first number represents the number | 
of full turns of crank "B". (No five-digit quotient appears when making divisions higher 
than 40, and furthermore, calculations are unnecessary for any number less than 61.) | 


[ 58 | 














WIDE RANGE DIVIDER 








Operation 


5. Index crank "B" an amount equal to the sector setting, namely—59 


spaces. 


6. Then index crank "D" an amount equal to the sector setting, namely— 
70 spaces. (Both cranks are moved in the same direction.) 








Figure 43 
When indexing in the conventional manner 
(divisions tabulated on page 95), index crank 
“В” may be changed to a different circle of 
holes, as from "X" to "Y", by merely 
loosening nut “F” 


Compensate for fraction 
10/67 by adding one space 
to the index movement of 
the small crank "D" at 
intervals equal to the near- 
est whole number obtained 
by dividing 1 by 10/67. 
The result of this division 
is 7. Therefore, every 
seventh division, index 71 
spaces on the small plate 
"C" instead of 70. In this 
way you pick up the frac- 
tional remainder, and the 
maximum error is equal to 
only .0000942" on a 12" 
diameter circle (the move- 
ment of one space in the 
100-hole circle on the small 
plate.) 


Angular Spaced Divisions. If the divisions are spaced in degrees, min- 
utes, and seconds, the procedure in calculating the setting is very similar 
to that outlined above, except that for sake of convenience, use the 54-hole 
circle on both plates. Complete tables are listed on pages 98 and 99. 


Using crank B on the large plate (Figs. 42 and 42): 


(a) One complete turn is equivalent to 9 degrees. 
(b) Six spaces in the 54-hole circle equals 1 degree. 
(c) One space in the 54-hole circle equals 10 minutes. 


Using crank D on the small plate: 


(a) One complete turn of crank "D" equals 5 minutes and 24 seconds 
(b) Ten spaces in 54-hole circle equals 1 minute. 
(c) One space in 54-hole circle equals 6 seconds. 
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Example. indexing an Angle of ? Degrees, 20 Minutes, 12 Seconds. 


Set-up 


1. Consulting the "Degree" table on page 98, set the sector on index plate 
"A" (Fig. 42) for 18 spaces on the 54-hole circle. 


2. Consulting the "Fractions of a Degree" table on page 99, set sector "G"' 
on plate "C" for 40 spaces on the 54-hole circle. 


Operation 


l. Index large crank "B" (Fig. 42) an amount equal to the sector setting, 
namely 18 spaces. 


2. Index small crank "D" three turns (see table) plus the sector setting, 
namely 40 spaces. (Both cranks are moved in the same direction.) 


Adjusting the Index Pin on the Small Plate. The index pin in the 
crank for the small plate is eccentric to provide a method of adjusting the 
pin from the 100-hole to the 54-hole circle, and vice-versa. Merely loosen 
screw E, (Fig. 44), rotate the pin to the desired circle of holes, and then 
retighten the screw. 


Reversing the Large Index Plate 
(Wide Range Divider). If the set- 
up requires the reversal of the large 
index plate, the operation may be 
accomplished in the following man- 
ner: 


1. Remove nut "A" and the washer 
behind it. (Fig. 44). τῇ 






ΦΕΡΕ “ΘΑ б 


NSS 
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2. Slip differential unit "B" off 
the shaft. 








3. Sector "C" is now free and may 
be removed. 


4. Remove four screws “D”, re- 
verse the plate, and reassemble 


the parts. Figure 44 


Section Through Differential 
Mechanism 


РС-79Т 
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MILLING CAMS 


Rise and fall cams having a rela- 
| tively narrow face may be machined 
by using the type of set-up indi- 
| cated in Figure 45. The cutter 
| may be supported in any type 
\ of swiveling head, such as а 
Р Universal Spiral Milling Attach- 
| ment or Heavy Vertical Attach- 
b ment. Almost any cam lead can 
be machined, and by trying differ- 
ent machine leads, the angle to 
which the dividing head must be 
set can be changed to suit condi- 
tions. All you need in addition to 
this instruction book is a table of Figure 45 


| sine functions. Diagrammatic Sketch of Dividing 
Head Set Up for Milling Cams 





MACHINE TABLE 





| Lead of Cam Кае 
i Formula: ------------- = Sine of Angle "D 
Lead of Table 


t Examples: 


1. Suppose you want to mill a cam having a .500" lead. Assume change 
gears are set up for 2.5” table lead. 


ÉL J c 200; sine of angle "D" 
Ledu Tue as РНН 3 


"D" = 11 degrees, 33 min. 


2. Suppose you want to mill a lead of 6.005”. 
" (a) Assume change gears are set up for 8" table lead 
Lead of Cam 6.005 


—— ag uc m 5nge D e 6 d . 39 min. 
f Lead of Table 8 nge egrees min 


(b) Assume change gears are set up for 9.935” table lead, instead of 
8”, as in example 2a, then 


6.005 


—— = «6044; and Angle "D" = 37 degrees, 11 min. 
9.935 
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BACKLASH ELIMINATOR 


There are two distinct methods of milling: (a) conventional, or up-milling, 
Fig. 46, and (b) climb or down-milling, Fig. 47. The forces created in 
up-milling tend to lift the part up into the cutter and spring the cutter 


: down into the work. In down milling, the cutter has a tendency to spring 


away from the work and at the same time, push the work down against 
its supporting surface. In up-milling, the thickness of the chip increases 
uniformly from zero at the bottom (beginning) of the cut to a maximum 











РС-334 
Figure 46 Figure 47 


Conventional, or Up-Milling Climb, or Down-Milling 


at the top of the cut, while in down-milling, the chip thickness decreases 
uniformly from a maximum at the top (beginning) of the cut to zero at 
the bottom (end) of the cut (Figs. 46-47). Although the majority of 
milling operations can be done either way, down-milling produces the better 
results on thin parts which are difficult to hold; exceptionally wide cuts; 
or thin deep cuts as when sawing slots. 


The backlash eliminator device, shown diagrammatically in Fig. 48, is 
required for down-milling operations, and may be purchased at extra cost 
with the machine. It is entirely within the saddle beneath the table, the 
only indication being knob ``G αἲ the front of the saddle casting (Fig. 49). 


When the machine is equipped with a backlash eliminator, either down- 
milling or up-milling operations can be handled. During up-milling cuts or 
when rapid traversing, the backlash eliminator is automatically released. 
However, in down-milling, as soon as the cutter contacts the work, the 
backlash between the nut and the lead screw is automatically taken up. 


The following description applies specifically to the backlash eliminator 
for plain and vertical machines, although the theory applies equally well 
to universal machines. The device consists essentially of two nuts, "A" 
and “B”, freely mounted on the table lead screw. The crown teeth on 
gear "E" mesh with the gear teeth on nuts "A" and "B". Therefore, when 
one nut rotates, the other nut will also rotate but in the opposite direction. 
The spur gear teeth on gear "E" mesh with rack "D 
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BACKLASH ELIMINATOR 








Figure 48 
Backlash Eliminator for 
Nos. 3 and 4 Universal 
and all 
Plain and Vertical Machines 





D E PC-645 


Spring "C", contained within sleeve “F”, tends to push in rack "D", 
rotating crown gear "E" and nuts "A" and "B" a sufficient amount to 
eliminate the backlash. Threaded sleeve ΤΕ serves two purposes: (a) to 
provide adjustment, and (b) to provide a stop for the outward movement 
of the rack. 


Operation of Backlash Eliminator (All machines except No. 2 Universal). 
Suppose we consider in detail the table movement to the right. Actually, 
the same discussion may be applied to either direction of travel. When the 
lead screw (it has a right hand thread) rotates in the direction indicated in 
the illustration, the table moves to the right. The resulting thrust and 
friction on nut "B" causes it to rotate in the same direction as the lead 
screw, thereby rotating nut "A" in the opposite direction, which, in turn, 
pushes plunger Ὁ” out against sleeve "C" and relieves the spring pressure. 


If an up-milling cut is being taken or if the table is rapid traversed to the 
right, obviously the reaction on nut "B" is the same as explained above, and 
no change will take place in the position of nuts "A" and “B”. 
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Figure 49 
Front View of Saddle, Showing Backlash Engaging Knob 


On the other hand, if the cutter is rotating with the feed of the table, as in 
"Down Milling”, as soon as the cutter engages the work, the thrust will 
shift from nut "B" to nut "A". The frictional torque between nut "A" 
and the lead screw is thereby increased, and consequently, nuts "A" and 
"B" will rotate in the direction which will preload the ball bearings. This 
action immediately eliminates the backlash between the screw and the nut. 
As soon as the "Down Milling” load is removed, nuts "A" and "B" are 
brought back to the initial conditions by the thrust of the table which now 
acts on nut "B". 


Adjusting the Backlash Eliminator (All machines except No. 2 Univer- 
sal). There should be no need to adjust the backlash eliminator unless 
previously mis-adjusted or dismantled. If necessary to adjust the device 
proceed in the following manner, with the machine stopped. 


1. Adjust the table feed screw bearings, page 40. 

2. Loosen set screw “R”, Figure 49. 

3. Remove cap “G”, screw “Н”, lock screw `J”, and nut “K”, Fig. 48. 
4 


Push in rack “Ὁ”. While holding it in position, adjust sleeve “F” 
until tight against the shoulder of the rack, then back it away about 
116 revolutions or slightly less. 


5. Retighten screw “R”. 
6. Replace parts "IK", "J", “Н”, and "G. 
Properly adjusted, rack Ὦ should move out about lá" when the table 


o 


feed or rapid traverse is engaged in either direction. This can be observed . 


by removing cap "G" and engaging the table feed and rapid traverse levers. 
Also, with the backlash device engaged, the table should move snugly with 
the hand crank. 


Engaging and Disengaging the Backlash Eliminator (All machines 
except Мо. 2 Universal). To engage, turn knurled cap clockwise (right) as 
far as it will go; to disengage, turn cap counterclockwise (left). 
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Figure 50 


Backlash Eliminator for 
No. 2 Universal Machines only 











Backlash Eliminator (No. 2 Universal Machines). Because of basic 
design characteristics, the backlash device for No. 2 Universal Machines is 
slightly different than the one described in the preceding paragraphs. Note 
that the rack operates on the right-hand rather than the left-hand side of 
the crown gear. This results in movements exactly opposite to those of the 
rack in plain machines. 


Adjusting the Backlash Eliminator (No. 2 Universal Machines). 
1. Adjust the table feed screw bearings, page 40. 

Remove knurled cap "W", Figure 50. 

Remove socket head screw "X". 


Tighten nut "Y" all the way, then back off about 1216 revolutions. 





Replace socket head screw to lock nut in place. 


OS ΜΕ NO ДЫЗ 


Replace knurled cap. | 


Engaging and Disengaging the Backlash Eliminator (No. 2 Universal 
Machines). Whether engaging or disengaging the backlash device, turn 
knurled cap “W`” as far as it will go. To engage, turn knurled cap counter- 
clockwise (left); to disengage, turn cap clockwise (right). 
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ACCESSORIES AND ATTACHMENTS 
ARBORS—‘‘50”’ Spindle Series 





STYLE A 


ee M om 


STYLE B 


























Figure 51—Conventional Milling Machine Arbors 








| | Г 


Usable 


























Diameter Keywa 
ώς Diameter | Style Josh of Bearing ο ea aen end 
Space | Collar | Width | Depth 

* 50-7$A10 7⁄4 A 10 None sede i-e ο г айе, TONAR 
*50-1 А12 1 А 12 Мопе M y ARTWA 
50-1 А15 1 А 15 Мопе 4 35 ARBAA 
50-1 А18-4 1 А 18 21 4 y ATARB 
50-1 B24-4 l B 24 2% 14 35 ARBFA 
*50-114A12 14 А 12 None 35; Ys ARBCO 
50-114A15 14 А 15 None τς Ys AROGU 
50-114A18-4 14 А 18 2% is is ARBRU 
50-114B18-4 14 B 18 21% 3s ii BETAR 
50-114B24-4 14 B 24 2% бс το ONARB 
50-114B18-4 1% B 18 2% 3% τ HAFAR 
50-114B24-4 116 Β 24 216 36 зз FORRA 
50-114B30-4 1% B 30 2% 36 33 ARBTY 
50-114B36-4 1% B 36 2% 3⁄4 зз АКСОВ 
**50-2 B24-5 2; в 24 234 1⁄4 τς ARJYN 
**50-2 B30-5 2 B 30 234 1⁄4 3s TUBAR 
**50-2 B36-5 2 B 36 234 νά τς ARCOD 








**Includes two suitable bushings for 234" diameter bearing collars. 


*Arbors 50-74A10, 50-1A12, 50-114A12 require the use of arbor support bushing adapter 
(Catalog Number 50-M-01) when used on Nos. 3 and 4 Machines. 


SHELL END MILL ARBORS- Style С 























Diameter 

Catalog Range of Stud Code Name 

Number End Mills Diameter 
50- 44C% 114—116 1⁄4 SHEMA STYLE C 
20- ⁄XC;⁄4 134—2 34 SEMCO І 
50-1 C% |24—2165—234 l SHEPU Figure 52 
50-114C% 3—3% 14 SHEHI Shell End Mill Arbor 
50-114C 76 4—416—5 1% SHEBY 
50-2 CK 51⁄—6 | 2 SEMOR 





Chrome nickel heat-treated screws for holding shell end mill on arbor are furnished 
with all arbors. Wrenches are furnished with arbors 50-114C 76, £0-114C% and 50-2C76. 


Always Order Arbors by the Code Name and Catalog Number 


lo 
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QUICK CHANGE ADAPTER 
Catalog No. NS-H5 


Code Word—ADACO 


Complete attachment consists of: 
Nut, Slotted Key, Stop Lug, 
Spanner Wrench, Screw for Slotted 
Key, Ring, Four Screws, and 
Socket Wrench. 


Figure 53 
With the Quick Change Adapter, 
Cutters May be Changed in a 
Few Seconds 
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QUICK CHANGE COLLETS QUICK CHANGE 
(Include Draw-in Bolt) SHELL END MILL ARBORS 

Catalog Inside Code Catalog Diameter Range | Stud Code 

Number Taper Name Number of End Mills |Diam.| Name 
50NS—FEB 7| Νο. 7B.&S.| COQUI 
50NS—FEB 9| No. 98. 85. COSEM 50- 4FC% 14—126 1 | ARABB 
50NS—FEB 10| Νο. 10 B. & S. | COSBE 50- 34FC% |134—2 34 | ARDUI 
50NS—FEB 11| Νο. 11 B. &S.| СОТТО 50-1 FCZ$214—2V6—234| 1 ARSHE 
50NS—FEM 2| No. 2 Morse | CORIC 50-1 KFC | 3—3 V4 114 | ARTTA 
50NS—FEM 3| No. 3 Morse | COROB 50-1 ЕС |4—416—5 116 | ARICK 
50NS—FEM 4| No. 4 Morse | CODDE 50-2 ЕС |56—6 2, AREMI 

l 

















STOP PIN 
STOP LUG —>{k 














NUT 


SECTION A-B Figure 54 A ш 
Section Through Quick Change Adapter 


Instructions for Mounting Quick Change Adapter on Spindle Nose 
Note—Right-hand, left-hand, and clockwise are referred to as when facing the spindle nose. 


l. Rotate the spindle until the driving keys line up parallel with the table. 
Remove the right-hand key, and insert in its place the special key and 
stop lug, with the long end of the stop lug extending beyond the cir- 
cumference of the spindle. (See sketch, Fig. 54.) 
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2. Assemble the nut on the ring by screwing these two parts together. 
The rear face of the ring (with the |” wide slots) should be approximately 
flush with the rear face of the nut, and at the same time the key openings 
in these two parts should match. 


3. Place the ring and nut as assembled in step No. 2 on the face of the 
machine spindle, with the stop pin directly below the stop lug. The 
nut can now be turned from this position in a clockwise direction only. 


4. Now fasten the assembly, as described in step No. 2, to the spindle | 
nose with the four hollow hexagon head screws which are furnished | 
with the complete adapter. In order to accomplish this, turn the nut 
as required so that the screws can be inserted. 


5. The quick change adapter is now ready for use. The operations are as 
follows: 


a. Turn the adapter nut counter-clockwise until the stop pin hits 
the stop lug. 

b. Insert the quick change arbor or collet, as che case may be. 

c. Turn the nut clockwise and fasten with a spanner wrench. 














QUICK CHANGE FACE MILL ARBOR 





[5 25——] 
FACE OF MACHINE E 
~~ SPINDLE NOSE ” 









Figure 55 


Sketch of quick change face 
mill arbor. For face mills 7" 
. to 12" diameter. 


Catalog No......... 50-5 ЕС 
Code Name. . ........ ARFAC 











COLLET ADAPTER 
Reducing No. 50 to No. 40 Spindle Series 


NO 40 TAPER 4 9 
ΝΟ. 50 TAPER > 


m1750 CORNERS. 


Πα. 

















Figure 56 


Arbors and cutters having No. 40 series standard taper shanks 
may be used on Dial Types with the above adapter. 


Outside Taper.................No. 50 Milling Machine Standard 
Inside Taper. eee mtn No. 40 Milling Machine Standard 
Catalog No. 50-NS-40 Code Name — COAFD 
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HIGH NUMBER INDEXING ATTACHMENT 





Range Divider. 


Figure 57 
High Number Indexing Attachment 


This attachment, shown in 
Figure 57, consists of three 
plates, drilled on both sides. 
These plates are interchange- 
able with the standard index 
plate on the side of the head. 
Those for the standard Divid- 
ing Head may also be applied 
to Spiral Milling Heads and 
Gear Cutting Attachments. 


High Number Index Plates 
are also available for the Wide 


These are recommended only where the compensating 


feature is objectionable for numbers below 200. 


The index table shown on pages 96-97, apply to the High Number Indexing 
Attachment Plates tabulated below. 


Number of Holes Drilled in Each Side of High Number Index Plates 











For Standard Dividing Head 












































Part No. 10525 Part No. 10526 Part No. 10527 
For Wide Range Divider 
Part No. 113505 Part No. 113506 Part No. 113507 
Side A Side B Side C Side D Side E Side F 
189 199 197 193 191 187 
177 183 181 179 175 173 
171 169 167 163 161 159 
147 157 153 151 149 143 
129 141 139 137 133 131 
117 127 123 121 119 113 
99 111 109 107 103 101 
91 97 93 89 87 83 
69 81 79 77 73 71 
48 67 46 44 42 38 
30 36 34 32 26 28 
[ 69] 
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COMPENSATING DOG AND DRIVER 


The Compensating Dog and Driver, Fig. 58, may be used with CINCIN- 
NATI Dividing Heads and Gear Cutting Heads. With these driving ele- 
ments, greater accuracy will be obtained on taper work. The tail of the 
dog has a close fitting roller, which, in turn, fits into the slot of the driver. 
As the work is indexed, the roller slides on the tail of the dog a sufficient 
amount to compensate for the varying difference in the distance from the 
center of the work to the point of driving contact. The dog has a capacity 
range from 14” to 234" diameter. 





Figure 58 
High Tailstock (Left) and Compensating Milling Machine Dog and Driver 


. HIGH TAILSTOCK 


If the work has a steep angle taper and is relatively long, the High Tailstock 
illustrated in Fig. 8 may be used to advantage. The bracket carrying the 
center is graduated, and can be set at the same angle as the work. 


Maximum distance, table to center point—1 13" 


21" 


Minimum distance, table to center point—233 
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RAISING BLOCKS 








Raising blocks, one of which is 
illustrated in Fig. 59, may be 
placed under the Dividing Head 
and Tailstock to obtain an 
increase in range. These blocks 
are flat, parallel, and of equal 





height, (supplied only in matched 


pairs) and give the head and 























; x Figure 59 
tailstock a substantial support. Raising Block 
SPECIFICATIONS 
Headstock Block Tailstock Block 

Size | Height of Width 

Head Blocks T-Slots Length Width Length Width 
12^ 2%" 5%” 12%” 914” 65⁄4” 6%” 
14” 29 Bg” 12%” | 914” 656" 6%” 














ANGLE PLATE 


Angle Plates, illus-  , . > 
trated in Fig. 60, are 6 ο | 
convenient for many 
types of set-ups in- 
volving a Dividing 
Head or small fixture 
placed off-center or at 
an angle to the table 
T-slots. The T-slots 
are standard size and 























at right angles to each Figure 60 
other. Angle Plate 
SPECIFICATIONS 
Size Height of Width Working Size 
Head Plate T-Slot Surface Over All 
jas 2%" sg” 1216" x 12%” 1214" x 1656" 
14" 216” BE” 1212" x 123%” 1216" x 1636" 
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CHUCK 


Many Dividing Head joos can 
be more conveniently held in a 
chuck than between centers. 
To facilitate this class of work, 
the 3-Jaw Universal Chuck, | 
illustrated in Fig. 61, may be 
obtained. It has a threaded 
flange for mounting it on the 
spindle nose of the head, 





Figure 61 
Dividing Head Chuck 

















SPECIFICATIONS 

š Si А Outsid 

Size Head "iod: Capacity Dia, peers É Thread | 
м" to 234" | 

„Суру " outside grip Й μα š 

10” Dividing 6 134" to 34" 6м 2 8 thd. 
inside grip 

12” and 14" |) 
Dividing, | 9” М” to 3%" 956” 2V$"—6 thd. 
12" Spiral 
16" Spiral 9" M" to 31$" 9867 334"—4 thd. 























Mounting a Chuck on the Dividing Head. Before mounting a chuck | 
on the Dividing Head spindle, remove the front index plate, Fig. 39, page | 
56. This step is necessary to be sure that the chuck adapter has a square 

fit on the spindle. | 
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SPIRAL MILLING HEAD 
(and Gear Cutting Attachment) 


The Spiral Milling Head is shown in Figure 62. When the bracket for 
connecting the driving mechanism (shown at the extreme right) is omitted, 
the head is known as the "Gear Cutting Attachment". Of course, the type 
of work-piece milled on the latter attachment is limited to those requiring 
indexing only, such as spur gears. These heads are suitable for heavy and 
continuous gear cutting. 


The driving mechanism for the Spiral Milling Head is similar to, but not 
exactly the same as the one for the Dividing Head, Figure 37, page 50. In 
other words, driving mechanism brackets are not interchangeable between 
Dividing Heads and Spiral Milling Heads. 


All index and lead tables in this booklet apply to the Spiral Milling Head. 
The index tables only (pages 95-97) apply to the Gear Cutting Attachment. 





[unc due eoe 


Figure 62 
Spiral Milling Head 


Specifications for Spiral Milling Heads and Gear 
Cutting Attachments 








Size of Head | Actual Swing Taper Hole in | Overall Length | Overall Length 





Spindle of Tailstock of Head 
12^ 1215" 11 B&S 934" 1554” 
16” 16%” 12 B&S 9%” 1654" 
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UNIVERSAL SPIRAL MILLING ATTACHMENT 


If the machine is a plain 
miller, obviously the table 
can not be swiveled to bring 
the work piece to the cor- 
rect helix angle with the 
cutter. It then becomes 
necessary to swivel the cut- 
ter. This angular setting is 
obtained by means of the 
auxiliary Universal Spiral 
Milling Attachment. (Fig. 
63). 


The table of a universal 
miller can not be swiveled 
more than 45°. If the helix 
angle exceeds this range, the 
attachment at the right must 
be used, since it allows the 
cutter to be swiveled through 


This attachment is used for helical milling in two cases: 





Figure 63 





a complete circle. 


The Universal Spiral 
Milling Attachment 
may also be em- 
ployed for a wide 
variety of other 
types of work, such 
as vertical milling 
with a shell end mill, 
rounding out key- 
ways, milling angu- 
lar surfaces, etc. The 
attachment spindle 
runs at the same 
speed as the ma- 
chine spindle. 





Universal Spiral Milling Attachment 


Figure 64 


Universal Spiral Milling Attachment and Dividing Head Set 
Up for Milling the Helical Gear Teeth on a Cam Shaft 
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HIGH SPEED UNIVERSAL MILLING ATTACHMENTS 


Two views of the High Speed Universal Milling Attachment are shown in 
Figs. 65 and 66. These attachments are for comparatively light work, and 
are not suitable for face milling operations. 


Attachment spindle speed: 


Swivel range: 


Taper holes for cutter : 


Specifications 


On Medium Speed Machines, 
speed dial reading x 314 
On High Speed Machines, 
speed dial reading x 124 


Parellel to face of machine 
column; 360? 

Right angles to face of machine 
column ; 90? 





Attachment spindle; No. 40 


National Standard ina . 65 
š x 1g. pee niversa 
Quill spindle; No. 7 B. & S. | Milling Attachment 


The standard attachment is shown in Fig. 65, while the attachment 
equipped with quill device is shown in Fig. 66. 


If the attachment is equipped with a quill device, and it is desirable to 
remove it so that cutters can be inserted in the attachment spindle, proceed 
in the following manner: 


1. 


Loosen the Allen head set screw in the periphery of hand quill feed 
knob. Tap the screw lightly to loosen the lock shoe beneath it. 


In the top end of the knob is an adjusting nut. With a spanner wrench, 
remove this nut. 


A slotted adjusting nut is now visible. Remove this nut and its lock 
washer. 
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4. Grasp the cutter shank end of the quill and pull it down through the 
attachment. Replace lock nut and washer, so that they will not be lost 
To protect ball bearings, also replace lock nut in hand feed knob. 


5. Through the body of the attachment, near the quill nut assembly, you 
vill find a set screw. Remove this set screw. 


6. Screw the remainder of the quill device out of the body of the attach- 
ment. 


7. Now fit the dust cover in place, and lock it with the set screw. 
8. Assemble two driving keys in the attachment spindle. 


9. Remove the plate on the attach- 
ment housing at the rear end of the 
spindle. It is held in position with 
four screws. 


10. Drive draw-in bolt centering bush 
into rear end of spindle. 


11. Replace cap. 


Lubrication. The Universal High 
Speed Milling Attachment must be lub- 
ricated daily while in use. In the grease 
nipple for the lower spindle bearing, 
use only medium sponge short fibre 
grease, sodium soap base. (Same as for 


stations 15 and 16 on vertical machines 





—pages 20 and 21.) There are three 


А Figure 66 
other grease nipples on the attachment High Speed Universal Milling 
proper, and one oil button in the hand une io m es 


quill feed knob. Periodically apply cup 


grease and machine oil, respectively. 
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MOTOR DRIVEN UNIVERSAL MILLING 
OVERARM ATTACHMENT 


The Motor Driven Universal Milling Overarm Attachment is illustrated in 
Fig. 67. It is mounted on a special overarm, and driven by an individual 
motor, leaving the machine spindle free and usable at any time. Rather 
heavy cuts, including face mill- 
ing operations, may be handled 
with this attachment. 


Specifications 


Attachment spindle speeds: 
100, 130, 180, 245, 310, 435, 
580, 740, 1030. 


Swivel range: 
360? both directions. 


Taper hole for cutters: 
Attachment spindle, No. 50 





National Standard Figure 67 

$ ^ Motor Driven Universal Milling 
Quill spindle (extra cost), No. Overarm Attachment 

7 B. & 5, 


This attachment may also be equipped with a hand feed quill device, 
similar to the one illustrated in Fig. 66. If the attachment is so equipped, 
and it becomes desirable to remove the device, proceed in the following 
manner: 


l. Remove the cap on top of the housing. It is held in position by several 
screws. Lift the cap and quill assembly through the top of the attach- 
ment. 


2. А bushing and dust ring are furnished as extra parts. Assemble these 
parts, and replace the cap. 


3. From the bottom of the spindle, remove the adapter which is held to 
it by screws. 


The attachment is now ready to be used without the hand feed quill device. 
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PLAIN AND SWIVEL VISES 


| The plain vise is illustrated in Fig. 

2 ESRI 68. With the exception of a swivel 
plate under the body, swivel vises 
are the same as plain vises. When 
ordering a vise, give width of T-slot 
in the table of the machine on which 


Figure 68 it is to be used. 
Plain Vise 






SPECIFICATIONS FOR PLAIN AND SWIVEL VISES 






































| | Е - 
Size | Depth Width Jaw Overall Height Net Weight, Lbs. 
| Jaws Jaws Open Plain Swivel Plain Swivel 
No.3 | 1%" oM" | 4" | 414" 6" 59 79 
No.5 | 2X6" | 85g" | 7" | зи, | 8: | 159, | 20 
ALL STEEL VISE 
Figure 69 


All-Steel Vise 


The CINCINNATI All-Steel Vise very effectively and conveniently holds 
heavy work, easily withstanding the most severe duty imposed on it by the 
machine. It can be set length wise or crosswise on the table. Screw holder 
“H”, Fig. 69, and movable jaw "M" can be quickly set to give approxi- 
mately the correct opening of the jaws. Plate "A" is hardened to withstand 
the pressure from the clamping screw. There are four clamping lugs on 
the solid jaw and one movable clamp Ὁ. Jaw "M" can be swiveled, thus 
adapting it to the irregularities in rough castings or forgings. The jaws 
are serrated and hardened, assuring a firm grip on the work piece. 


SPECIFICATIONS FOR ALL-STEEL VISE 











| : 
Size Distance from Table Net Shipping Code 
to Top of Vise Jaws Weight Weight Word 





10" 10x 2" 4" | 80 Ibs. 110 Ibs. BYVIS 
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] TOOL MAKER'S UNIVERSAL 
VISE 

For general tool room work. Can 
be swiveled in vertical plane up to 
and including 90 degrees—360 de- 
grees in a horizontal plane. Maxi- 
mum opening 32$”; depth of jaws 
19$": width of jaws 614”; net 
weight 75 pounds. 








igure 
Toolmaker’s Universal Vise 





m - is — — 





HEAVY VERTICAL 
ATTACHMENT 
Ideal for face milling where there 
is not enough work to keep a Verti- 
cal Milling Machine busy. Spindle 
speeds same as machine. Spindle 
nose same as machine spindle nose. 
Swivel range 90° total (45° either 
way from the vertical). Lubricate 








_ Figure 71 with good grade of cup grease. 
Heavy Vertical Milling Attachment š 


:CRANE 







TA i ` | — HELICAL 
WHEEL ар \ - πα. ος GEARS 


ATTACHMENT 
SPINOLE 


ARBOR With _ шй 


HELICAL GEAR 





Figure 72 
Mounting the Heavy Vertical Milling Attachment on the Machine. 

The attachment is clamped to the end of the overarm to facilitate sliding it into mesh with 

the helical driving gear, using the pilot wheel. Overarm clamps are loose. To mesh gears, 

turn attachment spindle with one hand. 
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ENCLOSED DRIVING MECHANISM 


The standard Enclosed Driving 
Mechansim, Fig. 73, may be 
used on Plain and Vertical 
Machines. If it is purchased for 
machines already in use, the 
table travel will be reduced by 
about 34" when the mechanism 
is set up. To avoid a possible 
collision of the Driving Mechan- 
ism housing with the handle of 
the lubrication pump, the stop 
dog must be set as indicated 
below. 


Setting Up the Driving Me- 
chanism the First Time. 
When a new Driving Mechanism 
is set up on a used Plain or 
Vertical Machine the first time, 





Figure 73 
Enclosed Driving Mechanism 


run the table by hand to its extreme left position after the gear housing is in 
place. Then set the trip dog to trip the feed just before the housing contacts 
the oil pump handle (the housing of a universal machine). Stamp an arrow 
on the table to the right of the dog. "Thereafter, when setting up a job 
requiring the Driving Mechanism, set the stop dog to the left of the arrow. 
An instrument plate containing this caution is supplied with the Driving 


Mechanism. 


This procedure must also be followed the first time a new Circular Milling 
Attachment Driving Mechanism is set up on a used machine. 
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SHORT AND LONG LEAD ATTACHMENT 


May be obtained at extra cost ' ome 
for Dial Type Universal only. 
Complimentary parts must be 
built into the machine at the 
factory. Has a lead range of 
.010" to 1000", with no more 
than the usual number of change 
gears. Complete instructions 
are contained in a separate 
booklet "Long and Short Lead 
Attachment for CINCINNATI 
Dial Type Milling Machines `, a 
copy of which accompanies each 





machine equipped with this Figure 74 
Long and Short Lead Attachment for 
attachment. Dial Type Milling Machines 


MOTOR DRIVEN COOLANT PUMP 


An outline drawing of the motor driven coolant pump for CINCINNATI 
Dial Type Milling Machines is illustrated here. It may easily be installed 
on the machine (Model ER. ma- 
chines only). Because of its 
independent control, this type of 
pump is sometimes desirable 
when it is necessary to use 
coolant to wash chips from the 
fixture or table while the machine 
is stationary. 


The pump is a centrifugal type, 
mounted on the pad at the side 
of the base, and connected 
directly to the coolant reservoir. 
It is driven by a 1⁄ h. p. motor, 
Included with the pump are the 
motor, manual starter, screws 
for attaching the pump bracket 
to the machine base, pipe fittings 











: Figure 75 
and pipe. Motor Driven Coolant Pump 
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RACK MILLING ATTACHMENT 


In addition to cutting rack teeth, narrow slotting or side milling cutters 
may be mounted on the Rack Milling Attachment spindle for milling 
operations which can be more conveniently handled by using the machine 
cross feed. A vise designed especially for long rectangular work is included 
with the attachment. 





Figure 76 
Rack Milling Attachment and Vise Mounted on Machine 


SPECIFICATIONS 
Size of attachment (diameter of cutter ѕріпае).....................14" 
Distance, face of column to center-line of attachment spindle....... 1016” 
Distance, center of machine spindle to center of attachment spindle. . .214" 
Distance, center of spindle to bottom of attachment ............... 1749" 
Maximum diameter of cutters that сап be иѕеа.................... 434" 
Attachment spindle ѕрееа............... Same as Machine Spindle Speed 
Overall length of cutters that бап be used)... 0 cas nc eni o 184” 
INGE ус л IBS BOLD qu К πο ο νο ο ГЕТ 420 
е» уы у Ж a ve rer а Pied eae ae ces ee oe ET RAHIP 























RACK INDEXING ATTACHMENT 

















































































































т nu [1] l ї | [1 | | l I l I 1 I I |o iur pod 918]1 xopu[ Jo sun | 
ος ος 66 veloc|oz|tv|ev| 96 | tr | oc | se ioc | ec | ez | et | ec |1 iJeug AULIN uo 1820) 
8c вт os 9ç|zr|9ç 18 9ç oz | oc |8 | 95 | 86 | 96 | £9 | OZ | ZZ | 78 aeq хәри uo 1890 
94199 934 | HK | 461% | 54 96 | ασ youd demoxr) 

δά |B Wee |1 11 11 {1 1111 ETÀ [T Dp | pv 918]ς] xopu] Jo suun | 
ος ш 86116 | #8 | ZZ OZ |9 oc 01/86 |16 |78 | ZZ] OZ | £9 oc er | ZH] SE] Bz] ieusquei) uo тэгу 
m 88 gs |88 88 88 86 99 | v 99 99 99 99 99 !88 |88 |88 |88 |88 gg gg | "^75 әзе хәр uo 1595} 
ze oe 87 |97 | vc ZZ OZ | 81 | OT | ST | VT €I стіп јог [ево сома Tenoureiq 














‘savay әЗивчэ 
YIM зчәшцоеззу Зихәриј PLA 


LL 9491 





SMOVaA ONLLLOO ҸОЯ ΠΊΗΝΙ, 
"1991 COQ] pue Suixopu] ory YIM pousiuun.] 

86 16 '88 “9 “ZZ ‘OZ ‘EO Ὁς ‘OF k "Cv “SE Z :5ҸУЯО HONVHO HO 15171 

ἼΟ119 1511838 Sulpsensd sny? 's3o[s 9111 Jo 910 
әѕојо O3 әреш SI uoisiAOud ‘ung 232[duuoo ouo Suiunboj suomeurquaoo 95011 104 
"9184 911 Jo uun3 232[duuoo JUO JO UANI j[eu e 191119 Suiyeuw Aq “928. әцз Jo Youd 911 
оз SurpuodsoJJoo “*$1цәшәләш ш рәлош Α]9181Π998 әд оз ә[дез эшцовш 9111 aruuoad 
51898 Jo suoneurquioo JUYI 518993 ogueuo цзл\ 918]4 Juno; рив Surxopul 
ue jo 51515109 1] ^9[qei әшцоеш 911 JO pua 911 18 Λοιος Ρ99] 911 оз рәзоэииоо $1 
“зиәшцәвззу JUIN APLY 242 ΗΛΙΑ uornounfuoo ш Ápjarquo pasn *3usuiqoeaae siu. 


LNHINHOV.LLV ONIXHGNI MOVa 


зиәшцәвззуү 





a 83 Ί: 








5-6 


M-S 


Publication No. 





Ss p = = 





CINCINNATI DIAL TYPE MILLING MACHINES 








CIRCULAR MILLING ATTACHMENTS 


FEED TRIP STARTING FORK DRIVING 
DOGS LEVERT] SHAFT d 







| 


Figure 78 
20" Circular 
Milling 
Attachment 
Arranged 
for Power 
Feed 


HAND FEED БЕТИН. | SPLINED 
CRANK SLEEVE SHAFT 


Circular Milling Attachments are built in three sizes, 16", 20", and 24" 
diameter tables. The 24" size is not recommended for use on Dial Type 
Milling Machines. The attachment shown in the illustration, Fig. 78, is a 
20" size, equipped with power feed. Hand feed attachments are essentially 
the same except that the driving bracket at the right-hand end of the milling 
machine table is not supplied. 


To set up the Circular Milling Attachment with power feed mechanism, 
proceed in the following manner. Caution: Also see instructions, “Setting 
Up Driving Mechanisms for the First Time", page 80. 


1. 


25 


Clean the milling machine table and the bottom of the circular milling 
attachment. 


Mount the attachment in the center slot of the table about midway 
between the ends. 


Remove the cone-shaped cover at the right-hand end of the table. 


Remove the hexagon head screw from the end of the spline shaft bear- 
ing in the power driving bracket. (Also remove the spline shaft if it has 
been left in the driving bracket from previous use.) 


Assemble the driving bracket to the right-hand end of the table with the 
screws provided, and at the same time slip the driving sleeve from the 
bracket over the fork shaft from the attachment (or vice-versa if the 
shaft and sleeve are reversed). 


Insert the splined shaft in its bearing and push it through until the 
shoulder rests against the end of the bearing. The other end of the 
shaft is then engaged in the driving gear. Try by hand to see that it 
turns without binding. 


Replace the hexagon head screw in the end of the spline shaft bearing 
to keep the spline shaft in position. 


'The attachment is now ready to use, either with hand feed or power 
feed rotary motion. For conventional circular milling, the machine 
feed levers must be in neutral position (see page 25) and the machine 
table should be locked in position with the table clamping screws 
provided for this purpose. (See page 31). For milling scrolls or cams, 
disregard these two requirements. 
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Starting and stopping the attachment should always be performed by 
means of the lever at the rear of the attachment housing. This is labeled 
"Starting Lever". 


To obtain power rapid traverse to the circular table, engage the conven- 
tional machine rapid traverse lever and then engage the attachment starting 
lever. 


The actual feed rate obtained with the circular milling attachment depends 
upon two factors, one, diameter of work and two, table feed setting. For 
example, if the machine feed dial indicates 39$" per minute, you probably 
will not be obtaining this feed rate on the work unless the diameter hap- 
pens to be exactly right. 


The tables on pages 88 and 89 list the actual feeds obtained, corresponding 
to the indicated feed and the diameter of the work to be milled. The tables 
should be used in this manner—Suppose you have a 20" attachment on 
the machine with an 8" diameter work piece, and you desire to use a feed 
of about 414" per minute. Under 8" diameter follow down the 20" column 
until you come to 4.7 and then follow to the left and you will see that you 
should set the table feed for 31$" per minute. 


Adjustment for the 20" and 24" Attachment. Cincinnati Circular 
Milling Attachments are provided with means of adjustment for wear 
between the worm and the worm-wheel. 


б t К «CIRCULAR TABLE 
If this adjustment is necessary 


on the 20" and 24" sizes, proceed 
as follows: 





1. Remove the hand crank and 
micrometer dial. 


2. Take up the end play of the 
. worm by tightening the ad- 
justing nut. (The worm of 
the 20" and 24" attachments Zs 

is provided. with ball thrust A" B'^G εν 
bearings for absorbing the end 











Е р ася Figure 79 
thrust „улеп making neavy Section Through Eccentric 
cuts with power feed.) Adjusting Bush 


Replace the micrometer dial and hand crank. 
4, oe two hex head screws “A-A” from the bottom of the housing. 
rig. 79 


5. Turn the eccentric bush "B" until there is no play between the worm 
and worm-wheel. (The sleeve "C" and the worm-wheel are bolted to 
the circular table and move as a unit in a straight line when the eccen- 
tric bush "B" is turned.) 


6. Retighten screws "A-A'". 


Do not make the adjustment so tight as to prohibit free movement of the 
circular table with the hand crank. 
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Adjustment for 16" Attachment. 


To adjust for wear between the worm 


and worm-wheel of the 16" attachment proceed as follows: 


b 
A 


5. Retighten screw “C”. 


Do not make the adjustment so 
tight as to prohibit free move- 
ment of the circular table by 
means of the hand-whcel. 


Circular gibs are provided to take up the wear between the circular table 


Loosen screw "B" (Fig. 80). 


Move lever "A" to the left 
beyond the upper pin hole, 
fully engaging the worm 
with the worm-wheel. 


Tighten screw “B”. 


Loosen screw "C" and turn 
lever "A" to the right until 
the pin falls into the upper 
hole. 





Figure 80 


Worm Adjustment for 


16”Attachment 


and housing. To make this adjustment proceed as follows: 


k 


Remove the four set screws "A" from 
the bottom of the housing. (Fig. 81.) 


Tighten each gib adjusting screw 
"B" the same amount until there is 
no play in the table. Try table 
rotation by hand after each screw 
adjustment. 


Replace set screws "A". Try table 
rotation by hand. Must rotate 
smoothly. 


` The two 14" hexagon nuts located between 
the four set screws are for clamping the 
table in position. 


The driving worm of the 16" attachment 
may be entirely disengaged from the worm- 
wheel by moving lever "A" (Fig. 80) to the 
right until the pin falls into the lower pin 
hole. The table is then free to revolve 
independently of the worm. 





























Figure 81 


Gib Adjustment for 
16 " Attachment 









































CAM MILLING ATTACHMENT 








CAM MILLING ATTACHMENT 


The Cam Milling Attach- 
ment is designed for hand 
feed milling of face cams 
up to 16" diameter and 
cylindrical cams up to 8" 
diameter. Larger diameter 
cylindrical cams can be cut 
by using a raising block. 
Figure 81A shows the at- 
tachment in position for 
milling cylindrical cams. 
For milling face cams it is : — 
only necessary to reset the SLIDE ae aise ORME 
attachment spindle hous- ias Capri гр 


ing at right angles to the Figure 81А 
Cam Milling Attachment 
table T-slots. 


WORM WORK 
BRACKET SPINDLE WEIGHT 






The work spindle supplied is 2" in diameter and 6" long, a plain cylindrical 
shape. Since cams are more or less specialized items, it will be necessary 
to make the work holding unit to suit the job. One way to accomplish 
this is to remove the work spindle and turn it down to suit the inside diam- 
eter of the work and master cam. While disassembled, it can be keywayed, 
and drilled and tapped in the end for a clamping screw. Another method 
would be to remove the work spindle, cut off the projecting end, and bore 
out the remainder for a No. 10 or 11 B. & S. taper. When this method is 
employed, the spindle should be drilled for a L$" or 9$" draw-in bolt. 
With the work spindle arranged in this manner, it is a simple matter to 
select proper arbors from your tool crib. 


Note.—Always remove the worm bracket, at the top of the spindle hous- 
ing, to prevent damage to the worm when removing the work spindle. 


To set up this attachment, mount it centrally on the machine table and 
clamp the base in the center tee-slot. Mount the cable bracket on the 
right-hand end of the table. After mounting the master cam and the work 
on the work spindle, attach the cable to the hook in the slide, pass the cable 
over the cable bracket and attach the weight to the other end. The weight 
acts to keep the master cam in engagement with the cam roller. 


Since the slide is free to move, its longitudinal movement will be controlled 
by the action of the master cam against the cam roller, as the work spindle 
is rotated by means of the worm and worm wheel. 


io 
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METHOD OF CALCULATING MACHINING TIME 


The actual cutting time for milling any piece of work may be calculated 
from the following formula. 
ο + A + O 

Е 


T = Actual Milling Time in Minutes. 
L = Length of Cut in Inches. 

A = Approach of Cutter in Inches. 

O = Over-travel of Cutter in Inches. 
F = Feed in Inches per Minute. 


T 


The approach of the cutter is the distance the table must move the work 
into the cutter before full cutting depth or width is attained. (Dimension 
"A" in Figs. 82, 83 and 84.) 


The over-travel of the cutter is the distance the table must travel in power 
feed minus the total length of the cut. It is a safety factor to allow for 
variations in the length of the work piece and in clamping. 


The feed is the most important factor, but there are such wide variations in 
feed depending upon the cutter, material, and the method of holding the 
work that the judgment of the set up man or operator must be relied upon 
to determine the correct feed. A discussion of feeds and speeds is contained 
in our booklet "Milling Machine Practice" a copy of which may be obtained 
free of charge. 


Example: Suppose a cast-iron bracket is to be milled on one side with an 
end or face mill, under the following conditions of feed, length of cut, etc. 
Calculate the actual cutting time. 


| ο ο P MT ο ο πα 8" 
Ween or QUE е оо guau tatus SER E SO UTR 4" 
Diameter Of CHELE «ooo Ee sm зау TES 6" 
VERA Vel sss ха мазак» ааа assume 4" 
PCE Meshal ciate alo На id 11" per minute 
Then L 28" 
A — 77" (See table entitled "Approach of Cutter for End Mills and Face 
O = м" Mills", page 92.) 
Е= 11" 
And Т = Prud анз = .82 minutes. 


11 


Total time, floor to floor = .82 + Handling Time + Time to Clear Work 
of Cutters. 


je 
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Figure 82 
Approach of Cutter for Face and 
End Mills, with Center of Cutter 
Approximately in Line with Center 
of Work. 











Figure 83 
Approach of Cutter for Slab Milling, 
Keywaying, Gear Cutting, Sawing, 
etc. 


Example: Suppose a gang of five gear blanks are to be milled between the 
centers of a Dividing Head, under the following conditions of feed, 
depth of cut, etc. Calculate the actual cutting time. 


Width of Gear Face. .... 
Whole Depth of Tooth 
Diameter of Cutter. ..... 


аа рондо assume 1⁄4” 
РЕР 814” per minute 


Then L 25" (Five gears, each 1" wide.) 
A = 79" (Seetable entitled "Approach of Cutter for Spiral Mills, Keyway 


C) ew Cutters, Saws, etc.", page 93.) 
F = 81⁄” 
5 +.79 +.125 


And T per tooth = 


8.125 


Total time floor to floor: 


= .73 minutes 


_ (73 x No. of teeth) + (indexing time for one tooth x No. of teeth - 1) 











" handling time 4 time to clear work of cutters. 


2 
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Figure 84 
Approach of Cutter for Face and End Mills. 
with Center of Cutter Offset from Center of Work. 


Example: If we have a part which requires a cut with an end mill or a 
face mill, and the center-line of the work does not coincide with the center 
of the cutter, Figure 84, the approach cannot be read directly from the table. 
Assuming an extreme condition, suppose we have an 8" diameter face mill 
taking a 214” width of cut, and that one edge of the work is 114” from the 
periphery of the cutter (dimension "X"' in Figure 84), while the opposite 
edge is 4" from the periphery (dimension "Y" = 114” + 214"). Then the 
approach of the cutter is the difference between the approach for a 4” depth 
of cut and a 114" depth of cut. In the table entitled "Approach of Cutter 
for Spiral Mills, Keyway Cutters, Saws, etc.``, the approach for an 8" cutter 
at a 4" depth is 4", while at a 124” depth, it is 3.12". The difference be- 
tween 4" and 3.12" equals .88”, the correct approach in this particular case. 


Approach of Cutter for End Mills and Face Mills 
(Center of Cutter Approximately in Line with Center of Work) 









































| WIDTH OF CUT 
Dia. 
of — ps =” = 
Mill l “ 2." 3” | 4” 9:7 6" | 7" | 8“ 9” 10" 1 1% 127 
| l l 
| ó Ru | | 
1% | 192) Ea ko d αν A -] 
2 1351. ΓΙ. ἡ | | 
214 | 105| 5 | | || | 
3 09 | 37 |1.5. | 
4 6| 271 es. | 
5 ο tal s hi [53 
6 04| 18| 4 | 77 1.34 5. | | 
7⁄4 | o| .14| 32] 59 | әре) | 
8 033| .13 | 29 | .54 | 88 1:36 2.07 4. | 
10 .025| 10] 23 | 43| 56 1.00 1:3 2 |28215 | | 
i2 |0 -08 | 19 | 5 54 | `8! зз 20269 se | e 
| | | 





How to Read the Table: Follow down the column headed "Dia. of Mill" until vou come 
to the diameter of cutter which you are using. Follow across to the right until you come 
to the column under the width of cut which the cutter is taking. The figure given is the 
approach of the cutter 


Example: 10” diameter face mill; 8" width of сис; approach of cutter is 2”. 
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Approach of Cutter for Spiral Mills, Keyway Cutters, Saws, Etc. 





DEPTH OF CUT 





Mill ig" γέ” 36" 1⁄4“ | 3⁄4” м” 34" 1” 


11$" 





11⁄ Μοδ) «34 | 4 | 220) „27 | «612 

115 «209] „41 | .49 | .56 | .65 | .71 | „7% 

134 34. | «xx | θά] δι | „72 | 9 | «87 

2 .33 4 45 | 985! «δι «δι δι 97. LO 
214 BF „әд O21 AL | «88:}} «93 [1.06 [L.12 
212 39 | .54.| «66 | .75 | .89 1.00 11.15 |1.22 
234 41 57 | ¿69 | „79 4 „9% |1.06: (1.22. [1.3% 
3 .43 | .60 | .73 | .83 | .99 |1.12 |1.30 1.41 
Л 45 | .63 | „76 | „87 |1.04. || 17 |1.37 11:50 
3% 46 | «65 | .79 | .91 {1.08 1.22 |1.44 1.59 
334 48 | .67 | .82 | .93 11.13 1.28 {1.50 |1.66 
4 49 | ZO | „65 | .97 [1.17 11.32. |1.26 [1.73 
414 SU) A2 | δ [1.00 11.21 17 1.62; H «80 
416 53 | 74] 9011 03 |1.24 |1.41 |1.67 1.87 
434 54 | .76 | .92 11.06 11.28 1.46 |1.73 11.93 
5 56] .78 | .95 |1.09 |1.32 11.50 |1.79 2.00 
516 .58 | .82 1.00 1.14 |1.39 1.58 |1.89 2.12 
6 .61 | .86 1.04 |1.20 1.45 1.66 |1.98 2.24 
61$ .634| .89 |1.09 1.25 |1.51 11.73 |2.08 2.35 
7 £658) .93 [1.13 |1.30 |1.58. 11.80 12.17 [244$ 
716 68 | .95 |L.17 11.35 [1.63 |1.87 |2.25 12.59 
8 Z] | .99 1.21 |1.39 |1.69 1.94 12.33 2.65 
816 ‚73 11.03 1.25 1.44 |1.74 12.00 |2.41 2.74 
9 75 |1.05 1.28 1.48 1.80 2.06 |2.49 2.83 
915 .77 11.08 |1.32 1.52 1.85 12.12 |2.56 2.92 
10 79.1.11 1.35 1.56 {1.90 2.18 |2.63 [3.00 
1016 .81 |1.14 1.29 1.60 [1495 2.24 |2.71 33.08 
11 .83 1.17 |1.42 |1.64 2.00 2.29 12.77 3.16 
1115 .85 11.19 |1.46 1.68 2.04 2.34 |2.84 3.24 
12 .86 |1.22 1.49 |1.72 2.09 2.40 2.91 13:32 





























Μο VJ VÀ ο V9 V9 V9 ο V9 V9 {ЧӘ {ЧӘ C9 C9 059 (ЧӘ NN = — — — — 


2.00 

2.12 

2.24 

2,35 

2.45 

2.64 

2.83 | 3.00 

3.00 | 3.24 
3.16 | 3.46 

2.32 | 3.67 
3.46 | 3.87 | 4.00 
3.61 | 4.06 | 4.24 
3.74 | 4.24 | 4.47 
3.88 | 4.42 | 4.69 
4.00 | 4.58 | 4.90 
4.12 | 4.75 | 5.10 
4.24 | 4.89 | 5.29 
4.36 | 5.04 | 5.48 
4.47 | 5.19 | 5.65 

















How to Read the Table—Follow down the column headed "Dia. of Mill" until you come 
to the diameter of cutter which you are using. Follow across to the right until you come to 
the column under the depth of cut which the cutter is taking. The figure given is the 


approach of the cutter. 


Example: 234” diameter cutter, 144” depth of cut; approach of cutter is 79". 
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INDEX TABLES (Numerical Divisions) 
For Standard Dividing Head Plate (Page 46) and Wide Range Divider (Page 58) 


(See pages 59 and 60 for method of calculating angular spacings and divisions not listed 
for the Wide Range Divider) 


Table of divisions obtainable with the standard Index Plate and the large 
plate of the Wide Range Divider, used with Dividing Heads, Gear Cutting 
Attachments, Spiral Milling Heads and Plain Centers. 

The plates are drilled on both sides with circles of holes equally spaced. 
The number of holes in the circles are as follows: 

Standard Dividing First Side—24-25-28-30-34-37-38-39-41-42-43 
Head Plate Page 46 Second Side—46-47-49-5 1-53-54-57-58-59-62-66 
Large Plate of Wide I First Side—24-28-30-34-37-38-39-41-42-43-100 
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Range Divider Page58 | Second Side—46-47-49-51-53-54-57-58-59-62-66 
o o a a o Ф 
8 5 5 5 5 5 
5 @ 2 @ @ Kk 
z z 2 2 > 2 
a a a a a a 
заа i Soslai s ai ο Ж ые s s s | š 
ТЕЕ ЕТЕ Е ата аа ВЕ а ЕЕЕ Е 
2 о [ео |2 |о |е |е |е о |а| 2 | о |а| го[о 2 | Ὁ a 
2 | Any| 20 .| 37 | 37 | 1| 3] 80 | 24 | 12 | 148] 37 | 10 | 248) 62 | 10 |460| 46 | 4 
3 | 24] 13] 8 |38 |38 | 1 82 | 41 | 20 | 150| 30 | 8 |250| 25 | 4 |464 58 | 5 
4 [Ару | 10 39} 39] 1 1 | 84 | 42 | 20 | 152| 38 | 10 | 255) 51 8 |470 47 | 4 
5 |Any| 8 40 |Αηγ| 1 |. 85 | 34 | 16 | 155| 62 | 16 | 260| 39 | 6 |472| 59 | 5 
6 | 24] 6116141 | 41 |....| 40| 86 | 43 | 20|156| 39 | 10 |264| 66 | 10 |480| 24| 2 
7 | 28 | δ| 20 | 42 | 42 40 | 88 | 66 | 30 | 160 28 | 7 |270| 54 | 8 |490 49 4 
8 |Апу| 5 43 | 43 40 | 90 | 54 | 24 | 164| 41 | 10|272| 34 | 5 |496 62| 5 
9 | 54] 4 | 24 | 44 | 66 60 | 92 | 46 | 20 |165| 66 | 16 | 280| 28 | 4 |500 25| 2 
10 JAny| 4 45 | 54 48 | 94 | 47 | 20 | 168| 42 | 10 | 290| 58 | 8 | 510) 51| 4 
11 | 66 | 3 | 42 | 46 | 46 40 | 95 | 38 | 16 | 170| 34 | 8 | 296) 37 | 5 |520 39 | 3 
12 | 24| 3| 8 | 47 | 47 40 | 96 | 24 | 10 | 172| 43 | 10 | 300| 30 | 4 |528| 66 | 5 
13 | 39} 3| 3 |48 | 24 20 | 98 | 49 | 20 | 176| 66 | 15 | 304| 38 | 5 |530| 53| 4 
14 | 49 2 | 42 | 49 | 49 40 |100 | 25 | 10 | 180| 54 | 12 | 310| 62 | 8 |540| 54| 4 
15 | 24 | 2 | 16 | 50 | 26 20 |102 | 51 | 20 | 184| 46 | 10 |312| 39 | 5 |560| 28 | 2 
16 | 24 | 2 | 12 | 51 | 51 40 |104 | 39 | 15 | 185| 37 | 8 |320| 24 | 3 |570| 57| 4 
17 | 34 2 | 12 | 52 | 39 30 |105 | 42 | 16 | 188| 47 | 10 |328| 41 5 |580| 58 4 
18 | 54 | 2| 12 | 53 | 53 40 |106 | 53 | 20 | 190| 38 | 8 |330| 66 | 8 |5901 59] 4 
19 | 38| 2| 4 | 54 | δά 40 |108 | 54 | 20 | 192| 24 | 5 |336| 42 | 5 | в00 30) 2 
20 |Any| 2 55 | 66 48 |110 | 66 | 24 | 195| 39 | 8 |340| 34 | 4 |620| 62 | 4 
21 | 42 1 | 38 | 56 | 28 20 |112 | 28 | 10 | 196| 49 | 10 |344| 43 | 5 |660 60 | 4 
22 | 66 1 | 54 | 57 | 57 40 |114 | 57 | 20 |200| 30 | 6 |360| 54 6 | 680| 34| 2 
23 | 46 | 1 | 34 | 58 | 58 40 |115 | 46 | 16 | 204| 51 | 10 |368| 46 | 5 |720 54] 3 
24 | 24 1 | 16 | 59 | 59 40 |116 | 58 | 20 | 205| 41 8 |370| 37 | 4 |740| 37 2 
25 | 25 | 1 |15 |60| 24 16 |118 | 59 | 20 | 210! 42 | 8 |376| 47 | 5|760|38| 2 
26 | 39 1 | 21 | 62 | 62 40 |120 | 24 | 8 |212| 53 | 10 |380| 38 | 4 |780| 39 2 
27 | 54 1 | 26 | 64 | 24 15 |124 | 62 | 20 | 215| 43 | 8 |390| 39 | 4 |820| 41 2 
28 | 42| 1 | 18 | 65 | 39 24 |125 | 25 | 8 |216| 54 | 10 | 392| 49 | 5 |840| 42| 2 
29 | 58 | 1 | 22 | 66 | 66 40 |130 | 39 | 12 | 220| 66 | 12 | 400| 30 | 3 |860| 43| 2 
30 | 24 | 1| 8| 68 | 34 20 |132 | 66 | 20 | 224| 28 | 5 |408| 51| 5ļ|880|66] 3 
31 | 62 | 1 | 18 | 70 | 28 16 |135 | 54 | 16 | 228| 57 | 10 | 410| 41 | 4 |920| 46| 2 
32 | 28| 1| 7 [72 |54 30 |136 | 34 | 10 | 230| 46 | 8 |420| 42 | 4 |940| 47 | 2 
33 | 66 | 1 | 14 | 74 | 37 20 |140 | 28 | 8 |232| 58 | 10 | 424| 53 | 5 |960 24| 1 
34 | 34| 1] 6 | 75 | 30 16 |144 | 54 | 15 | 235| 47 | 8 |430| 43 | 4 |980 49 | 2 
35 | 28 1 4 | 76 | 38 ‚| 20 |145 | 58 | 16 | 236| 59 | 10 | 432| 54 | 5 [1000| 25 1 
36 | 54| 1| 6178 | 39 .| 20 240 | 24 | 4 |440| 66 | 6 
245| 49 | 8 |456| 57) 5 
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_CINCINNATI DIAL TYPE MILLING MACHINES 


INDEX TABLE Dionesia Divisions) 
FOR HIGH NUMBER INDEXING ATTACHMENT 


indexes all numbers up to and including 200; all even numbers and those divisible by 5 up to and 
inciuding 400, except 225, 275, 325, 375. 

This attachment consists of a set of 3 index plates which are drilled on six sides, B, C, D, E and F. 
Example to index 35 divisions—This division can be made from side F, D, A, or E. Ae preferred side is F, 
since this requires the least number of holes. But should either D, A or E be in place, it can be used, 
thus avoiding the bother of changing plates. 

























































































N Nn n N 
9. заа Ыы ш 81 Ὁ. SIS|'s ms 
of] s| £/5 | S| oe] 8 3) Ξ | сек |58 |5 1] 2α|8|3} 1 
zolalolé elzaslol& га б \даїйб\# 
2 |Any|Any| 20 19| F|385| 2| 4| 41 | С [123 1120] 70 | D | 42| 24 
3 | А |30 |13 |10] 19| E 133| 2 | 14] 42 | Е | 42/40] 70 | А | οι | 52 
3 | В| 36/13 | 2] 19| A пл | 2 | 18| 42 | A |147 140 | 70 | E |119 | 68 
3 | E| 42/13 | 14| 20 Any Any| 2 |... | 43 | A |129 120| 71 | F | ΤΙ | 40 
3 ΟΙ 93 13 {31| 21| E| 42| 1|88| 44 |D|44|40| 72 | B | 86 | 20 
3 | F159|13 |53| 21] A |147 | 1 [33] 44 | А |99|90| 72 | A 117 | 65 
4 |Any Any| 10 22| D|44| 1]|36| 44 | F 143 130 72 | C |153 | 85 
5 |AnylAny| 8 |. 22| А [99| 1 | 81 45 | B | 36 | 32 73 | E | 73 | 40 
6 | A| 30| 6 |20] 22| F 143| 1 |117 | 45 | A | 99 |88 | 74 | B 111| 60 
6 | В| 36| 6 |24| 23| C | 6| 1 |34] 45 | C |153 |136 | 75 | A | 30| 16 
6 | B| 42| 6|28| 23} А|69| 1 |51| 46|0C |46|40| 76 | Ε | 88 | 20 
6 | 0.93, 6 |62] 23| E |161 | 1 119| 46 | А |69|60| 76 | E 133| 70 
6 | F 159 | 6 106] 24 А |30| 1 |20| 46 | E 1611140] 78 | A 171| 90 
7 | F|28| 5|20| 24 | Β|36| 1 |24 | 47 | B (141 120| 77 | D 77] 40 
7 | Β| 42| 5/30] 24 E |42| 1|28| 48|A]|30|25| 78 | A 117 | 60 
7 | D| 7| 5155| 24| C|93| 11601 48| B | 36 | 30] 79 | C | 79 | 40 
7 | А| 91| 561601 24| F 159| 1 {106} 49 | A |147 |120 | 80 | E | 26) 13 
8 |Any Any| 5 |... 25| А|30| 1 18| 50 | A|30|24| 80 | F | 28) 14 
9 Β| 36| 4 |16] 25| E 175| 1 105| 50 | E 175 140| 80 | A | 30| 15 
9 | Α|99| 4 |44| 26 E |26| 1|14| 51|0C 153 120| 80 | Ὁ | 32! 16 
9 | 0/13. 4 |68] 26 А |91| 1/49] 52 [Е | 26| 20| 8 | С 34] 17 
10 |Any|Any| 4 |...| 26 B |169 | 1 |91 52 | A | 91 | 70 80 | B | 96| 18 
1 | D| 44] 312] 27] B|81| 1 |39| 52 | F |143 110| 80 | E | 42] 21 
1 | A|91316101 27| А 189| 1 | 91] 52 |в 169 190 | 81 | B | 81| 40 
п | F13| 3 |91| 28| F | 28] 1 |12| 53 | F 159 |120| 82 | C 123| 60 
12 | A|30| 3/10] 28| E | 2| 1/18] 54 | B 81|60| 83 | Е |83| 40 
12 | B| 36| 3|12| 28| D| 77] 1013] 54 | A 189 140| 84 | Ε |42 20 
12 | E | 42| 3|14| 28| A |91| 1 [39| 55 | р| 44 |32 | 84 | A [147 | 70 
12 | C|9 | 83 |31| 29| E |87| 1 |33| 55 | F [143 104 | 85 | C | 34| 16 
12 | F[159| 3153] 30| А |30| 1 |10| 56 | F | 28 | 20| 85 | E |119 | 56 
13 | E| 2| 3| 2| 30| B |36| 1 [12| 56 | Е | 42 | 30| 85 | F |187 | 88 
13 | Alor) 3| 7| 30] E|42| 1 |14| 586 | D|77|55| 86 | A |129| 60 
13 | р |1431 3|1| 80|C|93] 1 |31| 56 |А | 9 |65 | 87 | Е | 87] 40 
13 | B |169| 3 |13| 30| F |159! 1 |53 | 57 | A |171 |120 | 88 | D | 44 | 20 
14 | F| 28| 2 |24| 801 C [93| 1|27| 58| Е|87|60| 88 | A | 99| 45 
14 | E | 42| 2 |36| 32 F | 28| 1| 7| 59 | А 177 120| 88 | F |143| 65 
14 | D! 77) 2/66] 32 D|32| 1| 8| 60 [А | 30| 20| 89 | D | 89| 40 
14 | Α| 91] 2/78] 32| Β|36| 1| 9| во (в | 36| 24| 90 | Β 36} 16 
15 | А | 30| 2 120 | 32| А |48 | 11151 60 | E |42/28| 90 | A |99| 44 
15 | Β| 36| 2 | 24| 33 A |99| 1 |21| 60 | F 159 106| 90 | C 153 | 68 
15 | Е| 42| 2 |28| 34| C |3411 |6 61 | B |183 120| 91 | A | 91] 40 
15 | ΟΙ 93} 2 | 62| 34 E 119| 1 |21| 62 | C|9 | 60] 92 | C | 46 20 
15 | F|159| 2 106| 34| F 187| 1 |33| 63 | A |189 120| 92 | A | 69 | 30 
16 | E 2| 2/13] 35 | F|[28| 1| 4| 66 | D|3 | 2 | 92 | E 161| 70 
16 | F| 28| 2/14] 35 | D|77| 1|11| 64 | А |48130| 93 | C | 93| 40 
16 | А | 30| 2/15] 35 | A |91| 1/13] 65 | E|26|16| 94 | B 141 | 60 
16 | D| 33) 2 |16| 35 | E 119| 1|17| 65 | A|91| 56] 95 F 3116 
16 | C. 34| 2 | 17| 38 в |361 1| 4| 65 | Е 143| 88| 95 | E |133| 56 
16 | Β| 36| 2 |18| 36 A |99| 1 |11| 65 | B |169 104| 95 | A |171| 72 
17 | С|34| 2 [12| 36| C 153| 1 |1Τ| 66 | А | 99 | 60| 96 | В |36| 15 
17 | E 19| 2 |42| 37 B 1111 1 | 9| 6 | Β|67|40| 96 | А | 48| 20 
17 | co |153 | 2|54| 38| F138| 1| 2| 68 | с | 341 20] 97 | B | 97 | 40 
17 | Е|187| 2 |66] 38| E 133| 1| 7| 68 | E 119| 70| 98 | A |147| 60 
18 | B,36| 2| 8| 38] А I71| 1| 9| 68 | F |187 |110| 99 | A | 99| 40 
18 | A| 99| 2 |22| 39 | A 117| 1| 3| 69 А |69 |40 | 100 | A | 30| 12 
18 | C 1153! 2 134 1 40 lány Any! 1 !....1 70 | F (28116 | 100 | E !175| 70 
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HIGH NUMBER INDEX TABLES 








- - = fo 
INDEX TABLE—(Concluded) 
FOR HIGH NUMBER INDEXING ATTACHMENT 


Fig. 85 . . . The High Number Indexing Attachment is 
used by replacing the standard index plate with 
the High Number plate which will give you 
the number of divisions required. 





































































































n ul ο n a 

5 e |. | s g eg SESS. Scop m |°. 2) g 

ΕΕ | а| |1 ΕΡΕ ΕΕ ΗΕ aE 
zB Biol&izagBlolzieagB.olZétisasioóleieaAls.8ié 
101 | F ΟΙ | 40 |137 | D |137 | 40 |180 | C |153 | 34 |240 | E | 42) 7 [320| A | 48 | 6 
102 | C [153 | 60 |138 | A | 69 | 20 181 | C [181 40 |240 | A | 48 | 8 [322 | E 161 | 20 
103 | E |103 | 40 |139 | С |139 | 40 |182 | A | 91 | 20 |242 | D |121 | 20 [324 | B | 81 | 10 
104 | E | 26 | 10 |140 | F | 28 | 8 [183 | B 183 | 40 |244 | B 183 | 30 |326 | D 1163 | 20 
104 | A | 91 | 35 [140 | E | 42 | 12 184 | C | 46 | 10 |245 | A [147 | 24 [328 | C |123 | 15 
104 | F [143 | 55 [140 | D | 77 | 22 |184 | A | 69 | 15 246 | С 123] 20 [330 | A | 99 | 12 
104 | p |169 | 65 |140 | A | 91 | 26 184 | E [161 | 35 |248 | C | 93 | 15 [332 | F | 83 | 10 
105 | E | 42 | 16 |141 | B |141 | 40 [185 | B [111 | 24 |250 | E [175 | 28 [334 | C 167 | 20 
105 | A |147 | 56 |142 | F | 71| 20 [186 | C | 93 | 20 |252 | A |189 | 30 338 | B | 671 8 
106 F |159 | 60 |143 | F |143 | 40 |187 F |187 | 40 |254 | B 127 | 20 336 | E | 42| 5 
107 | D [107 | 40 |144 | B | 36 | 10 188 | B |141 | 30 |255 | C |153 | 24 [338 | B 1169 | 20 
108 | B | 81 | 30 |145 | E | 87 | 24 |189 | A 1189 | 40 |256 | D | 32| 5 340 | C 34| 4 
108 | A |189 | 70 |146 | E | 73 | 20 |190 F | 38 | 8 |258 | A [129 | 20 [340 | E 119 | 14 
109 | C |109 | 40 |147 | A |147 | 40 190 | E [133 | 28 |260 | E | 26 | 4 [340 | F |187 | 22 
110 | р | 44 | 16 [148 | B |111 | 30 |190 | А |171 | 36 1260 А | 91 | 14 [342 | A 171 | 20 
110 | A | 99 | 36 |149 | E |149 | 40 |191 | E 1191 | 40 260 | F [143 | 22 344 | A |129 | 15 
100 | F |143 | 52 |150 | A | 30| 8 [192 | A | 48 | 10|260 | B |169 | 26 345 | A | 69 | ἃ 
111 | B [111 | 40 |151 | D [151 | 40 [193 | D |193 | 40 |262 | F [131 | 20 346 | F 173 | 20 
112 | г | 28 | 10 |152 | F | 38 | 10 |194 | B | 97 | 20 |264 | A | 99 | 15 348 | E | 87 | 10 
112 | E | 42 | 15 |152 | E |133 | 35 |195 | A |117 | 24 |265 | F [159 | 24 1350 | E 175 | 20 
113 | F |113 | 40 |152 | А [171 | 45 [196 | A |147 | 30 266 | E 133 | 20 352 | D | 44 | 5 
114 | A [171 | 60 |153 | С [153 | 40 |197 | C 1197 | 40 [268 | B | 67 | 10 [354 | A 177 | 20 
115| C | 46 | 16 |154 | D | 77 | 20 [198 | A | 99 | 20|270| B | 81 | 12 1355 | F | 71 | 8 
115| A | 69 | 24 [155 | C | 93 | 24 |199 | B 1199 | 40 |270 | А 189 | 28 [356 | D | 89 | 10 
115 | E |161 | 56 |156 | A |117 | 30 |200 | A |30| 6 |272 C | 34 | 5 358 | D 179 | 20 
116 | E | 87 | 30 |157 | B [157 | 40 |200 | E 1175 | 35 |274 | D 1137 | 20 360 | B | 36 | 4 
117 | A |117 | 40 |158 | C | 79 | 20 |202 | F |101 | 20 |276 | А | 69 | 10 1360 | A 199 | 11 
118 | A [177 | 60 [159 | F [159 | 40 |204 | C 153 | 30 |278 | C [139 | 20 380 | C |153 | 17 
119 | E |119 | 40 |160 | F | 28 | 7 |205 | C 123 | 24 |280 F | 28 | 4 362 | С 1181 | 20 
120 | A | 30 | 10/160 | D | 32| 8 |206 | E 103 | 20 |280| E | 42| 6 364 | A | 91 | 10 
120 | B | 36 | 12 |160 | B | 36 | 9 |208 Е |26| 5 [280 | р | 77 | 11 {365 E | 73] 8 
120 | E | 42 | 14 160| A | 48 | 12 210 | E | 42| 8/280 А | 91 | 13 [266 | B |83 | 20 
120 | C | 93 31 |161 | E |161 | 40 210 | A |147 | 28 |282 | B [141 | 20 868 | C | 46 | 5 
120 | F |159 | 53 |162 | B | 81 | 20 |212 | F |159 | 30 |284 | F | 71 | 10 370 | B Hl | 12 
121 | D [121 | 40 163 | D |163 | 40 |214 | D 107 | 20 |285 | A 171 | 24 372 | C | 93 | 10 
122 | B |183 | 60 |164 | C [123 | 30 |215 | А [129 | 24 |286 | F |143 | 20 [374 | F 187 | 20 
123 | С |123 | 40 |165 | A | 99 | 24 |216 | B | 81 | 15 1288 | B | 26 | 5 376 | B 141 | 15 
124 | C | 93 | 30 |166 | F | 83 | 20 216 | A [189 | 35 |290 | E | 87 | 12 [378 | А 189 | 20 
125 | E [175 | 56 [167 | C [167 | 40 |218 | C |109 | 20 292 | E | 73 | 10 [380 | F | 38 4 
126 | A [189 | 60 |168 | E | 42 | 10 |220 | D | 44 | 8 294 | A |147 | 20 [380 | E 133 | 14 
127 | B |127 | 40 |168 | A 1147 | 35 |220 | A | 99 | 18 |295 | А 1177 | 24 380 | А ΠΤΙ | 18 
128 | D | 32 | 10 |169 | B [169 | 40 |220 | F [143 | 26 |296 | B 111 | 15 [382 | E |191 | 20 
128 | A | 48 | 15 |170 | C | 34 | 8 |222 | B |111 | 20 |298 | E |149 | 20 384 | A | 48 5 
129 | A |129 | 40 |170 | E |119 | 28 |224 | F | 28 | 51300| A |30| 4 385 | D 77| 8 
130 | E | 26 | 8 |170 | F [187 | 44 |226 | F |113 | 20 |302 | D 151 | 20 [3886 | D 193 | 20 
130 | A | 91 | 28 |171 | A 171 | 40 |228 | А 1171 30 300 | F | 38| 5 388 | B | 97 | 10 
130 F |143 | 44 |172 | A |129 | 30 |230 Ο | 46 | 8 |305 | B |183 | 24 90 | А 117 | 12 
130 | B |169 | 52 |173 | F [173 | 40 |230 | A | 69 | 12 |308 | С 153 | 20 392 | A 1147 | 15 
131 | F [131 | 40 |174 | E | 87 | 20 |230 | E |161 | 28 |308 | D | 77 | 10 394 | C 197 | 20 
132 | A | 99 | 30 |175 | E 175 | 40 |232 | E | 87 | 15 |310 | C | 93 | 12 B95 | C | 79 | 8 
133 | E |133 | 40 |178 | D | 44 | 10 |234 | A |117 | 20 |312 | А |117 | 15 [396 | A | 99 | 10 
134 | B | 67 | 20 |177 | A |177 | 40 |235 | B 141 | 24 |314 | В 1157 | 20 398 | B 199 | 20 
135 | В | 81 | 24 178 | D | 89, 90 |236 А |177 | 30 |315 | A 189 | 24 400 | A | 30 | 3 
135 | A |189 | 56 |179 | D 179 | 40 |238 | E 119 90 316 | C | 79 | 10 |... | l. 
136 | C | 34 | 10 |180 | B | 36 | 8 |240 | A | 30| 5318 | F 1159 | 20 
136 | E 1119 | 35 [180 ! A ' 99 | 22 |240 | B | 36 | 6 13201 D 132 | 4] ГОО 

- = — = ==] 97 ] - 
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= 
1 | 
OF | O9E | OE | s£ | OTE || 9 L£ | 08@ || 9E | OC | OFZ || τι | τε | 002 || τν | Zí | 091 || 81 | εἰ | OCT || 8} | 8 08 LEA 
SF | 6έ | OSE || PC | $£ | OTE || "| 1E | 627 / O€ | 9c | eec || 9 ζζ | 661 || 9£ | ZI | OST || TE | εἰ | GIT || Tr | 8 64 gl | Ῥ 
th | 6£ | 856 || 81 | S£ | BIE || SF | 0+ | 842 || FZ | OC | 8εζ | с | 861 || Ος | ZI | BSI || 9 εἰ | 811 || 9£ | 8 86 Gl |Р 
96 | of | LSE || <l | S£ | ZIS || ζ | OE | 442 || 81 | SZ | Lez || 9w# | Ic | τοι || # | ZI | ZSI — ev | ΘΠ H 08.1 8 44 9 + 
OE | 6έ | 9SE || 9 SE | OTE || 96 | OE | 94ζ || ZI | 9 | 9ET || ζν | 1ζ | 961 || 81 | Zt | 991 || Ӯ | ZI | 911 || # | 8 94 r 
Ρε | Of | Sse | "| s€ 1 STE || O€ | O£| SZe || 9 | 92 | eec | oc | IZ | Sor || et | д | SST | ζν | ZI | STE | 81/8 | SZ || sh] £ 
81 | o£ | PSE | Sh | РЕ | HIE || PT | O£ | Pze | "| oc | FET || OE | IC | per || 9 | ZL| PST || [с | HIT | C0|8 | vZ || ζν | E 
Cl | 6€ | ESE || cv | FE | ELE || Sl | 06 | ἘΖζ || Se | $C rere || eC | IC | ег | Zr | Sst || Of | CL | ἘΠῚ μμ ο 8 €Z о | £ 
U 9 |6 | TSE | 9£ | f£ | TIE || τι | O£ | 242 || tt | se | сес | 81 | 12 | Zor | 8r | OL τοι | vC | ZL | zr || 78 | ZZ |0£|£ 
m “GE | TSE | O€ ye | TIE || 9 | O£ | TZ% || 9E | C | Tez | ст | Ic | 16L | ze | OL | ISI || ST | ZI | HE | SF | Z | TZ | ee] £ 
7 ЗР | 8£ | OSE || tC | FE | OTE || ОЕ | OZC || O£ | «C | OE7 || 9 Iz | O6T || 9ç | OL | OST || ZI | ZI | OTT || σι Z 04 gI | é 
© tF | 86 | GFE || 81 | e£ | 60£ || SF | 6T | 69Z || tC | «C | 622 || | 17 | 681 || OE | 91 | GFT || 9 TI | 601 || 9£ | 6 69 Т. | & 
ΠΕ 9£ | 8E | SPE || €l | FE | 80E || Th | οἵ | 892 || BI | «τι SCC || BF | Οἵ | 881 || FZ | 91 | SHI | "| ZI | 801 |} 0€ | 6 89 9 £ 
О Of | 8E | Zee || 9 PE. | ZOE || 9£ | 6Z | 492 || TE | sZ | ATE || ee | 0С | ¿SL || 8T | 91 | Zl || 8E 11 | ZOT || vC | Z 29 7 £ 
< Ῥζ | SE | ЭРЕ РЕ | 9OE || OE | 6C | 997 || 9 ST | OTT || OE | OZ | 981 || ZI | OT | OFT | ζΡ | IL | 901 | 81 | Z 99 gr |@ 
< BI | БЕ | SPE || Sh | EC | SOE | FZ | 6ζ | SOC || "| ST | SCC || OF | OC | 481 || 9 ΟΙ | І 9€ | 11 | SOT || <t | 6 S9 th | C 
СА сі | BE | PRE |] TH | ££ | POE || 81 | 6C | #92 || Sh | HZ EET || FC | OC | 581 | "7| | HHI || O€ | HU | POL |} 9 š v9 ος] € 
Oo! 9 8£ | РЕ || 9£ | КЕ | COE | TI | 6 | E97 | CP | HZ | εἴτ || SI | OC | «81 || Br | SI | єт || ντ | 11 | COT Balls ^ £9 θέ | € 
5 ^^ 9€ | WE || 0£ | ££ | ZOE || 9 οἷ | ζ9ζ || O£ | fC | 222 || СІ | OC | 281 || CF | $T | CET || 81 | П | COL || 8} | 9 29 $7 | Z 
Z, $t | Z£ | We || ϑζ | £€| TOE || "| 68 | T9 || O£ | ϑζ | IC || 9 0С | 181 || 94 | sl | ТРЕТ || CE | IL | TOT || CF | 9 19 St | τ 
=) th | LE | ОРЕ || 8L | E£ | 00£ || SF | 8C | 097 || vC | FZ | 072 "i OZ | OST | o£ | st | OFT || 9 Il | OOT || 9¢ | 9 09 cl ie 
x] ος | ZE | e£€ || ZI | ££ | 667 || TH | 8С | 65ΐ || 81 | FZ | 6IC || 8 | οἱ | 641 || pe | st | GET || | PC | 66 0£ | 9 65 9 t 
= || 0£ | Z£ | BEE || 9 ££ | 867 || QE | 8T | 8ST || ZI | C | SIC | τν | 61 | 841 || 81 | εἰ | SET || 8Р | OT | 86 +С | 9 89 t 
> | PC | εν Zee || | ες | Zoe |] OE | 8€. | ZSZ [| 9 PC | ZIZ || 9€ | 61 | ZZI || ΤΙ | sl | ΖΕΙ͂ || ΤΡ | OL | Z6 S1 | 9 45 8t |I 
81 | Zé | 9€€ || 8ἑ | c£ | 967 || FZ | SZ | 992 || "| HZ | 91ζ || o£ | 61 | 941 || 9 ST | 9€T || 96 | OL | 96 GI | 9 9S £t | 
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CINCINNATI DIAL TYPE MILLING MACHINES 
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TABLE OF LEADS (2.500 to 3.800) 
Lead of Lead of Lead of 
Spiral A | B | GI ID Spiral АВС Spiral A | Bee 5B 
in Inches in Inches | in Inches ! | 
| | | 
2.500 | 27 | 45 | 20 | 18 2 923 | 19 | 39 | 27 | 45 3.385 | 22 | 39 | 27 | 45 
2.507 | 22 | 39 | 20 | 45 2 927 |19 | 51 | 33 | 42 3.389 | 22 | 42 | 33 | 51 
2.510 24 | 45 | 24 | 51 2 930 | 20 | 39 | 24 | 42 3.394 | 21 | 33 | 24 | 45 
2.513 19 | 36 | 20 | 42 2.941 24 | 51 | 30 | 48 3.399 | 39 | 45 | 20 | 51 
2.516 | 21 | 36 | 22 51 2 946 | 22 | 42 | 27 | 48 3.409 | 27 | 33 | 20 | 48 
2.521 20 | 42 | 27 | 51 2.956 | 21 | 30 | 19 | 45 3.415 | 33 | 30 | 19 | 51 
2.530 17 | 42 | 30 | 48 2 966 | 22 | 51 | 33 | 48 3.422 24 | 33 | 24 | 51 
2.534 | 21 | 39 | 24 | 51 2.976 | 20 | 48 | 30 | 42 3.429 | 24 | 42 | 27 | 45 
2.540 | 20 | 42 | 24 | 45 2.986 | 22 | 39 | 27 | 51 3.437 | 27 | 36 | 22 | 48 
2.546 | 22 36 | 20 | 48 2.991 20 | 36 | 21 | 39 3.440 | 22 | 27 | 19 | 45 
2.552 | 22 39 | 19 | 42 2.995 | 21 | 33 | 24 | 51 3.451 24 | 30 | 22 | 51 
2.561 19 | 51 | 33 | 48 3.000 | 21 | 55 | 98 | 42 3.457 | 21 | 27 | 20 | 45 
2.567 | 24 38 | 18 | 51 3.009 | 22 | 45 | 24 | 39 3.462 | 27 | 39 | 24 | 48 
2.574 21 | 48| 30 | 51 3.017 | 20 | 51 | 30 | 39 3.472 | 30 | 36 | 20 | 48 
2.579 19 | 39 | 27 | 51 3.025 | 24 | 42 | 27 | 51 3.480 30 | 39 | 19 | 42 
2.588 | 22 | 51 | 27 | 45 3.029 | 21 | 39 | 27 | 48 3 486 | 24 | 27 | 20 δι 
2.593 21 | 36 | 20 | 45 3.039 18 | 55 | 39 | 42 3.492 | 30 | 42 | 22 | 45 
2.598 | 24 | 39 | 19 | 45 3.048 | 24 | 42 | 24 | 45 3.500 | 36 | 45 | 21 | 48 
2.608 21 | 30 | 19 | 51 3.056 | 22 | 45 | 30 | 48 3.505 | 39 | 48 | 22 | 51 
2.614 20 | 51 | 30 | 45 3.068 | 27 | 33 | 18 | 48 3.516 | 24 | 39 | 24 | 42 
2.619 | 22 | 42 | 24 | 48 3.077 | 20 | 39 | 27 | 45 3.526 | 30 | 39 | 22 | 48 
2.625 | 21 | 45 | 27 | 48 3.081 22 | 51 | 30 | 42 3.535 | οἱ | 33 | 20 | 36 
2.832 | 21 | 39 | 22 | 45 3.088 | 21 | 51 | 36 | 48 3.543 | 24 | 33 | 19 | 39 
2.639 19 | 45 | 30 | 48 3.096 | 22 | 30 | 19 | 45 3.556 | 24 | 36 | 24 | 45 
2.647 | 24 48 | 27 | 51 3.105 | 30 | 36 | 19 | 51 3 565 | 30} 33 | 20 | 51 
2.655 | 22 | 39 | 24 | 51 3.111 24 | 36 | 21 | 45 3.571 30 | 42 | 24 | 48 
2.661 19 | 51 | 30 | 42 3.117 | 24 | 33 | 18 | 42 3 580 | 27 | 33 | οἱ | 48 
2.667 | 24 | 45 | 24 | 48 3.125 | οἱ | 42 30 | 48 3 590 | 42 | 39 | 17 | 51 
2.674 | 21 | 36 | 22 | 48 3.134 | 20 | 36 | 22 | 39 3.595 | 90 | 36 | 22 | 51 
2.679 20 | 42 | 27 | 48 3.143 | 22 | 42 | 27 | 45 3 603 | 21 | 48 | 42 | 51 
2.689 | 24 42 | 24 | 51 3.152 | 19 | 51 | 33 | 39 3 611 39 | 36 | 17 | 51 
2.696 | 22 | 51 | 30 | 48 3.163 | 22 | 45 | 33 | 51 3 620 | 30 | 39 | 24 | 51 
2.707 | 20 | 36 | 19 | 39 3.173 | 27 | 39 | 22 | 48 3.626 | 27 | 39 | 22 | 42 
2.715 | 20 | 39 | 27 | 51 3.182 | 24 | 33 | 21 | 48 3 636 | 24 | 33 | 24 | 48 
2.127 | 21 | 98 | 18 | 42 3.189 19 | 55 | 36 | 39 3.641 39 | 42 | 20 | 51 
2.735 | 24 | 39 | 20 | 45 3.199 | 20 | 33 | 19 | 36 3 650 | 33 | 39 22 | 51 
2.745 24 | 36 | 21 | 51 3.205 | 20 | 39 | 30 | 48 3.660 | 24 | 27 | 21 | 51 
2.750 22 | 45 | 27 | 48 3.214 | 24 | 48 | 27 | 42 3.667 | 24 | 30 | 22 | 48 
2.764 19 | 55 | 36 | 45 3.223 | 22 | 39 | 24 | 42 3.676 | 39 | 42 | 19 | 48 
2.773 | 22 | 42|27 | 51 3.231 27 | 39 | 21 | 45 3.686 | 22 | 27 | 19 | 42 
2.778 20 | 45 | 30 | 48 3.239 | 27 | 33 | 19 | 48 3.692 | 27 | 39 | 24 | 45 
2.784 24 | 39 | 19 | 42 3.248 19 | 45 | 30 | 39 3.697 | 33 | 42 24 | 51 
2.794 22 | 42 | 24 | 45 3.258 | 27 | 39 | 24 | 51 3.702 | 33 | 39 | 21 | 48 
2.801 20 į 42 | 30 | 51 3.263 | 21 | 33 | 20 | 39 3.706 | 27 | 30} 21 | 51 
2.812 | 21 | 42 | 27 | 48 3.268 | 30 | 36 | 20 | 51 3.714 | 39 | 42 | 18 | 45 
2.820 22 | 39 | 24 | 48 3.274 | 22 | 48 | 30 | 42 3720 | 19 | 55 | 42 | 39 
2.824 24 | 51 | 27 | 45 3.282 | 24 | 30 | 24 | 45 3 730 | 24 | 33 | 20 | 39 
2.831 21 | 51 | 33 | 48 3.284 | 21 | 27 | 19 | 45 3.739 | 22 | 51 | 39 | 45 
2.842 19 | 36 | 21 | 39 3.291 21 | 39 | 22 | 36 3.743 | 30 | 33 | 21 | 51 
2.851 21 1.89 | 27 | BI 3.297 | 20 | 39 | 27 | 42 3 750 18 | 45] .. | 48 
2.857 | 24 | 42 | 24 | 48 3.309 | 27 | 48 | 30 | 51 3 753 | 24 |27 | 19 | 45 
2 866 19 | 39 | 30 | 51 3.318 | 22 | 51 | 30 | 39 3 761 30 | 39 | 22 | 45 
2.876 22 | οἱ | SQ | 45 3.329 17 | 55 | 42 | 39 3 765 24 | 90 | 24 | 51 
2 879 24 | 33 | 19 | 48 3.333 | οἱ | 42 | 30 | 45 3.770 | 30 | 36 | 19 42 
2 885 20 | 39 | 27 | 48 3.346 | 21 | 51 | 39 | 48 3.775 | 33.| 36 | 21 | 51 
2.896 24 | 39 | 24 | 51 3.353 | 27 | 30 | 19 | δι 3.782 | 30 | 42 | 27 | 51 
2.903 19 | 45 | 33 | 48 3.361 22 | 45 | 88 | 48 3 788 | 30 | 33 | 20 | 48 
2.910 20 | 36 | 22 | 42 3.369 | 27 | 33 | 21 | 51 3.792 | 39 | 45 | 21 | 48 
2.917 | 21 | 45 | 30 | 48 3.377 | 20 1 55 | 39 | 42 3.800 | 27 | 30! 19 | 45 



































TABLE OF LEADS, STANDARD DRIVING MECHANISM 



















































































TABLE OF LEADS (3.810 to 5.025) 

Lead of Lead of Lead of 
Spiral АВГ Ср Spiral AIBC] D Spiral A|B|C|D 

in Inches in Inches in Inches 
3.810 | 30 | 42 | 24 | 45 4.202 | 45 | 42 | 20 | 51 4.606 | 36 | 33 | 19 | 45 
3.818 | 27 | 33 | 21 | 45 4.215 | 17 | 55 | 45 | 33 4.615 | 18 | 42 |.. | 39 
3.824 | 39 | 42 | 21 | 51 4.222 | 19 | 42 | .. | 45 4.622 | 33 | 42 | 30 | 51 
3.828 | 33 | 39 | 19 | 42 4.231 33 | 39 | 24 | 48 4.628 | 20 , 55 | 42 | 33 
3.834 | 24 | 27 | 22 | 51 4.235 | 27 | 90 | 24 | δι 4.635 | 99 | 33 | 20 | 51 
3.838 | 30 | 33 | 19 | 45 4.242 | 90 | 33 | 21 | 45 4.643 | 39 | 42 | 24 | 48 
3.843 | 21 | 51 | 42 | 45 4.248 | 39 | 36 | 20 | 51 4.646 | 42 | 39 22 | 51 
3.850 | 27 | 33 | 24 | 51 4.256 | 39 | 42 | 22 | 48 4.656 | 24 | 27 | 22 | 42 
3.860 | 21 | 51 | 45 | 48 4.263 | 42 | 39 | 19 | 48 4.662 | 30 | 33 | 20 | 39 
3.869 | 39 | 42 | 20 | 48 4.267 | 24 | 30 | 24 | 45 4.667 | 21 | 39) .. | 45 
3.878 | 33 | 39 | 22 | 48 4.274 | 90 | 96 | 20 | 39 4.673 | 39 | 96 | 22 | 51 
3.882 | 27 | 30 | 22 | 51 4.278 | 33 | 36 21 | 45 4.678 | 39 | 33 | 19 | 48 
3.889 | 30 | 36 | 21 | 45 4.286 | 18 | 45 | .. | 42 4.687 | 30 | 36 | 27 | 48 
3.897 | 36 | 39 | 19 | 45 4.293 | 90 | 33 | 17 | 36 4.691 30 | 27 | 19 | 45 
3.911 24 | 30 | 22 | 45 || 4.299 | 45 | 39 | 19 | 51 4.701 30 | 36 | 22 | 39 
3.916 | 24 | 33 | 21 | 39 4.308 | 36 | 39 | 21 | 45 4.706 | 24| 36) .. | δὶ 
3.922 | 20 | 48 | .. | 51 4.314 | 22 | 45 | .. | δὶ 4.711 19 | 55 | 45 | 88 
3.929 | 33 | 42 | 24 | 48 4.318 | 36 | 33 | 19 | 48 4.714 | 33 | 42 | 27 | 45 
3.937 | 27 | 30 | 21 | 48 4.327 | 30 39 | 27 | 48 4.722 | 17 | 42 | .. | 86 
3.949 | 33 | 39 | 21 | 45 4.333 | 39 | 45 | 24 | 48 4.727 | 39 | 33 | 18 | 45 
3.954 | 33 | 36 | 22 | 51 4.344 | 36 | 39 | 24 | δι 4.740 | 39 | 36 | 21 | 48 
3.958 19 | 45 | .. | 48 4.354 | 33 | 30 | 19 | 48 4.745 | 33 | 30 | 22 | 51 
3.963 | 30 | 33 | 17 | 39 4.364 | 27 | 33 | 24 | 45 4.751 21 | 51 | 45 | 39 
3.968 | 30 | 36 | 20 | 42 4.370 | 24 | 42 | 39 | 51 4.762 | 20 | 39| .. | 42 
3.972 | 39 | 45 | 22 | 48 4.375 | 21 | 45 | .. | 48 4.773 | 36 | 33 | 21 | 48 
3.977 | 30 | 33 | 21 | 48 4.387 | 22 | 27 | 21 | 39 4.777 | 17 | 55 δι | 33 
3.982 | 33 | 39 | 24 | 51 4.392 | 24 | 45 | 42 | 51 4.786 | 42 | 39 | 20 | 45 
3.986 | 27 | 33 | 19 | 39 4.396 | 30 | 39 | 24 | 42 4.793 | 30 | 27 | 22 | 51 
3.992 | 45 | 42 | 19 | 51 4.400 | 27 | 30 | 22 | 45 4.800 | 27 | 30 | 24 | 45 
4.000 | 27 | 36 | 24 | 45 4.406 | 27 | 33 | 21 | 39 4.807 | 19 | 48 | δι | 42 
4.006 | 39 42 22 | 51 4.412 | 90 | 96 | 27 | 51 4.813 | 30 | 33 | 27 | 51 
4.011 33 | 96 | 21 | 48 4.420 | 33 | 42 | 27 | 48 4.821 36 | 42 | 27 | 48 
4.018 | 30 | 42 | 27 | 48 4.429 | 30 | 33 | 19 | 39 4.827 | 48 | 39 | 20 | 51 
4.021 24 | 27 | 19 | 42 4.434 | 42 | 39 | 21 | 51 4.835 | 33 | 39 | 24 | 42 
4.029 | 30 | 39 | 22 | 42 4.444 |20|42|.. |45 4.843 | 39 | 30 | 19 | 51 
4.034 | 36 | 42 | 24 | 51 4.453 | 27 | 24 | 19 | 48 4.848 | 30 | 33 | 24 | 45 
4.040 | 30 | 38 | 20 | 45 4.461 39 | 36 | 21 51 4.853 | 33 | 36 | 27 | 51 
4.048 | 17 | 39] .. | 42 4.466 | 33 | 36 | 19 | 39 4.858 | 27 | 22 | 19 | 48 
4.060 | 30 | 36 | 19 | 39 4.471 36 | 30 | 19 | 51 4.866 | 99 33 | οἱ | 51 
4.064 | 36 | 33 | 19 | 51 4.476 | 24 | 33 | 24 | 39 4.875 | 39 | 30 | 18 | 48 
4.072 |30|39 | 27 | 51 4.480 | 33 | 39 | 27 | 51 4.887 | 36 | 39 | 27 | 51 
4.078 | 24 | 45 | 99 | δι 4.486 19 | 48 | 51 | 45 4.895 | 30 | 33 | 21 | 39 
4.083 | 21 | 48 | 42 | 45 4.492 | 36 | 33 | 21 | 51 4.902 | 45 | 86 | 20 | 51 
4.091 27 | 33 | 21 | 42 4.500 | 27 | 30 | 24 | 48 4.911 33 | 42 | 30 | 48 
4.098 | 33 30 | 19 | 51 4.508 | 42 | 33 | 17 | 48 4.916 | 27 | 42 | 39 | 51 
4.103 | 30 | 39 | 24 | 45 4.514 | 39 | 36 | 20 | 48 4.922 | 27 | 24 | 21 | 48 
4.113 | 30 | 33 | 19 | 42 4.524 19 | 45 | .. | 42 4.926 | 42 | 36 | 19 | 45 
4.118 | 21 | 48 | .. | 51 4.529 | 33 | 30 | 21 | 51 4.935 | 36 | 33 | 19 | 42 
4.125 | 33 | 45 | 27 | 48 4.533 | 36 | 30 | 17 | 45 4.941 36 | 30 | 21 | δι 
4.136 | 21 | 55 | 39 | 36 4.540 | 39 | 42 | 22 | 45 4.945 | 30 | 39 | 27 | 42 
4.147 | 33 | 36 | 19 | 42 4.547 | 42 | 99 | 19 | 45 4.948 | 45 | 36 | 19 | 48 
4.156 | 24 | 33 | 24 | 42 4.553 |33 | 27 | 19 | 51 4.952 | 39 | 42 | 24 | 45 
4.160 | 33 | 42 | 27 | 51 4.558 | 24 | 27 | 20 | 39 4.959 | 20 | 55 | 45 | 33 
4.167 | 20 | 39 | .. | 48 4.567 | 45 | 39 | 19 | 48 4.967 | 48 |36 | 19 | 51 
4.171 39 | 33 | 18 | 51 4.571 36 | 42 | 24 | 45 4.977 | 33 | 39 | 30 | δι 
4.176 | 36 | 39 | 19 49 4.575 | 42 36 | 20 | 51 4.990 | 39 | 33 | 19 | 45 
4.183 | 20 | 51 | 48 | 45 4.583 | 22 | 39 | .. | 48 5.000 | 24 | 36 48 
4.190 | 33 | 42 | 24 | 45 4.588 | 39 | 30 | 18 | 51 5.014 | 24 | 27 | 22 | 39 
4.196 | 27 | 33 | 20 | 39 4.602 | 27 | 22 | 18 | 48 5.025 19 | 55 | 48 | 33 
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TABLE OF LEADS (5.033 to 6.291) 

Lead of Lead of Lead of 
Spiral A|B|C|D Spiral АТВ ГС р Spiral A|B|GC|D 

in Inches in Inches in Inches 
9.033 | 42 | 36 | 22 | 51 5.440 | 33 | 39 | 27 | 42 5.882 | 90 | 96 | .. | 51 
5 038 | 42 | 33 | 19 | 48 5.444 | 42 | 36 | 21 | 45 5.887 | 48 | 33 | 17 | 42 
5.042 | 33 | 30 | 22 | 48 5.455 | 36 | 33 | 24 | 48 5.893 | 33 | 96 | 27 | 42 
5.048 | 45 | 39 | 21 | 48 5.469 | 45 | 36 | 21 | 48 5.903 | 55 | 33 | 17 | 48 
5.056 | 39 | 36 | 21 | 45 5.481 | 27 | 24 | 19 | 39 5.911 | 42 | 30 | 19 | 45 
5.065 | 39 | 33 | 18 | 42 5.489 | 39 | 30 | 19 | 45 5.921 | 30 | 19 | 18 | 48 
5 068 | 321 51 | 48 | 39 5.495 | 45 | 39 | 20 | 42 5.926 | 24 27 | 24 | 36 
5.077 | 88 | 39 | 27 | 45 5.500 | 33 | 36 | 27 | 45 5.934 | 36 | 39 | 27 | 42 
5.080 | 45 | 33 | 19 | 51 5.510 | 27 | 21 | 18 | 42 5.939 | 42 | 33 | οἱ | 45 
5.085 | 42 | 36 | 17 | 39 5.515 | 39 |33 21 | 45 5.948 | 39 | 27 | 21 | 51 
5.091 | 36 | 33 | 21 | 45 5.527 | 19 | 55 | 48 | 30 5.954 | 33 | 27 | 19 | 39 
5.098 | 39 | 36 | 24 | 51 5538 | 36 | 39 | 27 | 45 5.961 | 48 | 30 19 | 51 
5.104 | 42 | 36 | 21 | 48 5 546 |33 | 21 | 18 | 51 5.966 | 45 | 33 | 21 | 48 
5.114 | 30 | 33 | 27 | 48 5.552 | 27 | 22 | 19 | 42 5.975 |83 | 27 | 22 45 
5.123 |33 | 24 | 19 | 51 5.556 | 20 | 59 | .. | 36 5.983 | 42 | 36 | 20 | 39 
5.128 | 20 | 42] .. | 39 5.561 | 39 | 33 | 24 | 51 5.989 | 42 | 33 | 24 | 51 
5.135 | 20 | 51 | 55 | 42 5.568 | 42 | 33 | 21 | 48 5.994 | 51 | 39 | 22 | 48 
5.143 | 36 | 42 | 27 | 45 5.573 |30 | 19 | 18 | 51 6.000 | 27 | 39 | .. | 45 
5.147 | 45 | 36 | 21 | 51 5.581 | 39 | 33 | 17 | 36 6.010 | 42 | 33 | 17 | 36 
5.152 | 37.1 A5 ο ος 5.587 | 22 | 45 | 48 | 42 6.019 | 39 | 27 | 20 | 48 
5.156 | 33 | 36 | 27 | 48 5.594 | 30 | 33 | 24 | 39 6.027 | 27 | 42 | 45 | 48 
5.160 | 33 | 27 | 19 | 45 5.600 | 36 | 30 | 21 | 45 6.032 | 48 | 36 | 19 | 42 
5.170 | 39 | 33 | 21 | 48 5 608 | 39 | 30 22 | 51 6.039 | 42 30 | 22 | 51 
5.176 | 51 | 39 | 19 | 48 5.615 | 45 | 33 | 21 | 51 6.044 | 33 | 39 | 30 | 42 
5.185 | 42 | 36 | 20 | 45 5.625 | 27| 36] .. | 48 6.050 | 36 | 21 | 18 | 51 
5.192 | 36 | 39 | 27 | 48 5.630 | 48 | 36 | 19 | 45 6.054 | 39 | 24 | 19 | 51 
5.195 | 30 | 33 | 24 | 42 5.641 | 22 | 42| .. | 39 6.058 | 27 | 24 | 21 | 39 
5.200 | 39 | 30 | 18 | 45 5.647 | 36 | 30 | 24 | 51 6.061 | 20 |42| .. | 33 
5.208 | 45 | 36 | 20 | 48 5 657 | 42133 | 20 | 45 6.067 | 39 | 30 | 21 | 45 
5.216 | 42 | 30 | 19 | 51 5 664 | 39 | 27 | 20 | 51 6.071 |45|30|17|42 
5.223 | 27 | 48 | 39 | 42 5 675 | 39 | 36 | 22 | 42 6.090 | 45 | 36 | 19 | 39 
5.229 | 48 | 36 | 20 | 51 5 682 | 45 | 33 | 20 | 48 6.095 | 24 | 45 | 48 | 42 
5.238 | 22 | 45 | .. | 42 5 687 | 39 | 30 | 21 | 48 6.100 | 42 | 27 | 20 51 
5.241 | 42 | 33 |21 | 51 5 692 | 55136 | 19 | 51 6.107 |27 | 20 | 19 | 42 
5.250 | 27 | 30 | 21 | 36 5.698 | 30 | 27 20 | 39 6.111 | 22 | 42 | .. | 36 
5.255 | 17 | 55 | 51 | 30 5.704 | 42 | 36 | 22 | 45 6.118 | 39 | 30 | 24 | 51 
5.260 | 27 | 22 | 18 | 42 5.714 |24|39 | . | 42 6.125 | 42 | 30 | 21 | 48 
5.265 | 42 | 39 | 22 | 45 5 718 | 39 | 27 | 19 | 48 6.130 | 33 | 19 | 18 | 51 
5.272 | 33 | 27 | 22 | 51 5.727 | 27 | 22 | 21 | 45 6.136 | 36 | 33 | 27 | 48 
5.278 19 | 42] .. | 36 5 735 | 39 | 24 | 1S į 51 6 141 48 | 33 | 19 | 45 
5.288 | 33 | 39 | 30 | 48 5 744 | 42 | 39 | 24 | 45 6.154 | 24 | 42|. 39 
5.294 | 27 | 6 | ,, | 91 5.752 | 33 | 27 | 24 δι 6.162 | 33 | 21 | 90 | 51 
5.303 | 42 | 33 | 20 | 48 5.758 1191 42] .. | 33 6.169 | 45 | 33 | 19 | 42 
5.312 | 51 | 96 | 18 | 48 5.762 | 33 | 30 | 22 42 6.176 | 96 | 24 | 21 | 51 
5.322 | 30 | 21 | 19 | 51 5 769 | 36 | 39 | 30 | 48 6.182 | 51 | 33 | 18 | 45 
5.333 | 24 39] .. | 45 5 775 | 36 | 33 | 27 | 51 6.190 | 39 | 36 | 24 | 42 
5.339 | 19 | 55 | 51 | 33 5 782 |30 |21 | 17 | 42 6.198 | 51 | 36 | 21 | 48 
5.347 | 42 | 36 | 22 | 48 5.789 | 33 | 19 | I7 | 51 6.205 | 33 | 30 | 22 | 39 
5.353 | 39 | 30 | 21 | 51 5.795 | 51 | 33 | 18 | 48 6.209 | 45 | 27 | 19 | 51 
5.359 | 33 | 30 | 19 | 39 5.804 | 30 | 42 | 39 | 48 6.222 | 42 | 36 | 24 | 45 
5.369 | 27 | 22 | 21 | 48 5.807 | 21 | 51 | 55 | 39 6.231 | 39 | 27 | 22 | 51 
5.378 | 33 | 30 | 22 | 45 5.816 | 27 | 21 | 19 | 42 6.237 | 39 | 33 | 19 | 36 
5.385 |21]| 42| .. | 39 5.820 | 30 | 27 | 22 | 42 6.250 | 30 | 36 | .. | 48 
5.392 | 45 | 36 | 22 | 51 5.824 | 33 | 30 | 27 | 51 6.257 | 39 | 33 | 27 | 51 
5.398 | 45 | 33 | 19 | 48 5.833 | 21,39 |... | 36 6.268 | 30 | 27 | 22 | 39 
5.413 | 30 | 27 | 19 | 39 5.844 | 30 | 33 | 27 | 42 6.275 | 48 | 33 | 22 | 51 
5.419 | 48 | 33 | 19 | 51 5.854 | 33 | 21 | 19 | 51 6.282 | 42 | 36 | 21 | 39 
5.429 | 36 | 30 | 19 | 42 5.864 | 30 | 27 | 19 | 36 6.286 | 33 | 21 | 18 | 45 
5.432 | 30 | 27 | 22 | 45 5.874 | 96 133 21 | 39 6.291 | 21 | 51 | 55 | 36 
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TABLE OF LEADS (6.29 to 7.483) 
Lead of Lead of Lead of 
Spiral A|B|C|D Spiral A | B | ο D Spiral A |B|C D 
in Inches in Inches in Inches 
6.296 |17|45 | .. | 27 6.699 | 33 | 24 | 19 | 39 7.059 | 45 | 30 24 | 51 
6.303 | 39 | 33 | 24 | 45 6.710 | 42 | 27 | 22 51 7.062 | 39 [27 | 22 | 45 
6.316 | 36 | 19 | 17 | 51 6.713 | 36 | 33 | 24 | 39 7.071 33 | 30 | 27 | 44 
6.319 | 39 | 27 | 21 | 48 6.717 | 42 | 33 | 19 | 36 7.083 | 17 | 45] .. | 22 
6.333 | 19 | 42 | .. | 30 6.722 | 33 | 24 | 22 | 45 7.086 | 48 | 33 | 19 | 39 
6.340 | 48 | 33 | 17 | 39 6.729 | 51 | 30 | 19 | 48 7.091 | 39 | 33 27 | 45 
6.346 | 33 | 36 | 27 | 39 6.734 | 30 27 | 20 | 33 7.105 | 36 | 19 | 18 | 48 
6.349 | 48 | 36 | 20 | 42 6.738 | 42 | 33 | 27 | 51 7.112 |42 | 22 | 19 δ] 
6.353 | 36 | 30 27 | 51 6.741 39 | 27 ! 21 | 45 7.125 | 90 | 20 | 19 | 48 
6.356 | 39 | 30 | 22 | 45 6.746 | 55 | 33 | 17 | 42 7.130 | 42 | 27 | 22 | 48 
6.364 | 21 | 42 | .. | 33 6.750 | 36 | 30 | 27 | 48 7.136 | 51 | 27 | 17 | 45 
6.375 | 51 | 30 | 18 | 48 6.756 | 48 | 30 | 19 | 45 7.143 | 30 | 39 42 
6.387 | 36 | 21 | 19 | 51 6.761 51 | 33 | 21 | 48 7.152 | 39 | 19 | 21 | 51 
6.393 | 22 | 45 | 51 | 39 6.769 | 33 | 30 | 24 | 39 7.159 | 42 | 33 | 27 | 48 
6.400 | 36 | 30 | 24 | 45 6.774 | 60 | 33 | 19 | 51 7.175 | 39 | 22 | 17 | 42 
6.405 | 42 | 27 | 21 | 51 6.779 | 33 | 21 | 22 | 51 7.179 | 42 | 36 | 24 | 39 
6.410 | 45 | 36 | 20 | 39 6.786 | 45 | 30 | 19 | 42 7.190 |33 | 27 | 30 | 51 
6.417 |36 | 33 | 30 | 51 6.790 | 30 | 27 | 22 | 36 7.200 | 36 | 30 | 27 | 4€ 
6.420 | 39 | 27 | 20 | 45 6.797 | 39 | 27 | 24 | 51 7.206 | 42 | 24 | 21 | 51 
6.429 | 27 | 39 | .. | 42 6.806 | 42 | 27 | 21 | 48 7.212 | 51 | 38 | 21 | 45 
6.439 | 45 | 33 | 17 | 36 6.810 | 39 | 30 | 22 | 42 7.222 | 39 | 27 | 24 | 48 
6.447 | 22 | 42 | 48 | 39 6.818 | 36 | 33 | 30 | 48 7.232 | 33 | 17 | 19 | 51 
6.451 33 | 27 | 19 | 36 6.821 42 | 30 | 19 | 39 7.240 | 30 | 39 | 48 | 51 
6.462 | 42 | 39 | 27 | 45 6.830 | 55 | 80 | 19 | 51 7 245 | 99 | 19 | 18 | 51 
6.465 | 48 | 33 | 20 | 45 6.838 | 48 | 36 | 20 | 39 7.253 | 36 | 39 | 33 | 42 
6.471 33 | 36 51 6.845 | 24 | 51 | 48 | 33 7.259 | 42 | 27 | 21 | 45 
6.477 | 36 | 22 | 19 | 48 6.853 | 42 | 33 | 21 | 39 7.265 | 45 | 27 | 17 | 39 
6.481 42 | 27 | 20 | 48 6.857 | 36 | 30 | 24 | 42 7.273 | 24 | 42 33 
6.490 | 27 | 39 | 45 | 48 6.863 | 45 | 27 | 21 | 51 7.279 | 33 | 24 27 | 51 
6.494 | 45 | 33 | 20 | 42 6.869 | 48 | 33 | 17 | 36 7.283 | 39 | 21 | 20 | 51 
6.500 | 39 | 30 | 24 | 48 6 875 | 33 |30 |. 48 7.286 | 51 | 30 | 18 | 42 
6 513 | 33 | 19 | 18 | 48 6.878 | 39 | 27 | 20 | 42 7.292 | 45 | 27 | 21 | 48 
6 519 | 33 | 27 | 24 | 45 6.882 | 39 | 30 | 27 | 51 7.299 | 39 | 22 31 | 51 
6.525 | 51 | 33 | 19 | 45 6.894 | 39 | 33 | 21 | 36 7.308 | 45 | 30 | 19 | 39 
6.531 33 | 20 | 19 | 48 6.902 | 48 30 | 22 | 51 7.313 | 39 | 20 | 18 | 48 
6.536 | 45 | 27 | 20 | 51 6.908 | 30 | 19 21 | 48 7.320 | 42 | 27 | 24 | 51 
6.545 | 36 | 33 | 27 | 45 6.914 | 42 | 27 | 20 | 45 7.326 | 30 | 21 | 20 | 39 
6.555 | 39 | 21 | 18 | 51 6.919 | 39 | 21 | 19 | 51 7.333 | 33 | 36 45 
6.563 | 36 | 24 | 21 | 48 6.923 | 27 |42| .. | 39 7.341 19 | 55 | 51 | 24 
6.568 42 | 27 | 19 | 45 6.926 48 | 33 | 20 | 42 7.347 27 | 21 | 24 | 42 
6.577 | 39 | 21 | 17 | 48 6.933 | 39 | 30 | 24 | 45 7.353 | 45 | 24 | 20 | 51 
6.581 42 | 36 | 22 | 39 6.939 | 36 | 21 | 17 | 42 7.368 | 30 | 19 | 21 | 45 
6.588 | 42 | 30 | 24 | 51 6.944 | 45 | 27 | 20 | 48 7.385 | 36 | 30 | 24 | 39 
6.593 | 45 | 39 | 24 | 42 6.947 | 33 | 19 | 18 | 45 7.389 | 42 | 24 | 19 | 45 
6.600 | 33 | 30 | 27 | 45 6.952 | 39 | 33 | 30 | 51 7.395 | 33 | 21 | 24 | 51 
6.608 | 27 | 22 | 21 | 39 6.955 | 18 | 55 | 51 | 24 7.403 | 36 | 22 | 19 | 42 
6.611 42 | 24 | 17 | 45 6.960 | 30 | 21 | 19 | 39 7.407 | 20 | 45] .. | 27 
6.618 | 30 | 24 | 27 | δι 6.964 | 39 | 36 | 27 | 42 7.412 | 42 | 30 | 27 | 51 
6.623 | 51 | 33 | 18 | 42 6.968 | 33 | 39 | 42 | 51 7.418 | 45 | 39 | 27 | 42 
6.632 | 27 | 19 | 21 | 45 6.972 | 48 | 27 | 20 | 51 ` 7.424 | 42 | 33 | 21 | 36 
6.635 | 33 | 21 | 19 | 45 6.984 | 48 | 36 | 22 | 42 7.429 | 39 | 30 | 24 , 42 
6.643 | 45 | 33 | 19 | 39 6.993 | 45 | 33 | 20 | 39 7.438 | 51 | 30 | 21 | 48 
6.648 | 39 | 33 | 27 | 48 7.000 | 21 | 42 |.. | 30 7.444 | 33 | 19 | 18 | 42 
6.667 | 30 |36|.. | 45 7.010 | 39 | 24 | 22 | 51 7.451 42 | 21 | 19 | 51 
6.679 | 33 | 20 | 17 | 42 7.013 | 36 | 33 | 27 | 42 7.459 | 48 | 33 | 20 | 39 
6.684 | 55 | 36 | 21 | 48 7.018 | 30 | 19 | 20 | 45 7.464 | 33 | 20 | 19 | 42 
6.687 | 36 | 19 | 18 | 51 7.030 | 33 | 19 | 17 | 42 7.469 | 33 | 27 | 22 | 36 
6.691 39 | 24 | 21 | 51 7.037 | 19 | 45 | .. | 27 7.474 | 36 | 17 | 18 | 51 
6.696 | 30 | 42 | 45 | 48 7.051 30 | 24 | 22 | 39 7.483 | 30 21 | 22 | 42 
- «====== ==] 163] 
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TABLE OF LEADS (7.487 to 8.766) 
Lead of Lead of Lead of i 
Spiral A|B|C|D Spiral A|B|C|D Spiral Á | BB | € ур 
in Inches in Inches in Inches 
7.487 | 42 | 33 | 30 | 51 7.889 |36 | 17 | 19 | 51 8.319 | 33 | 21 | 27 | 51 
7.492 |33 | 19 22 | 51 7.897 | 42 30 | 22 | 39 8.322 | 51 | 33 | 21 | 39 
7.500 | 36 | 33 | .. | 48 7.901 48 | 27 | 20 | 45 8.333 | 30 | 39] .. | 36 
7.506 | 48 | 27 | 19 | 45 7.908 | 33 | 18 | 22 | 51 8.342 |39 | 22 | 24 | 51 
7.517 | 39 | 21 | 17 | 42 7.912 | 48 | 39 | 27 | 42 8.352 | 42 | 22 | 21 | 48 
7.521 | 48 | 36 | 22 | 39 7.917 |19 | 42] .. | 24 8.357 |39 | 30 | 27 | 42 
7.529 | 51 | 33 | 19 | 39 7.933 | 51 | 30 21 | 45 8.366 | 48 | 27 | 24 | 51 
7.538 | 42 | 30 | 21 | 39 7.944 | 39 | 36 | 33 | 45 8.374 | 33 | 17 22 | 51 
7.549 | 42|24 |22 | 51 7.955 | 42 | 33 | 30 | 48 8.381 | 48 | 30 | 22 | 42 
7.552 | 36 | 33 | 27 | 39 7.964 |33 | 39 | 48 | 51 8.388 | 55 | 27 | 21 | 51 
7.557 | 42 | 22 | 19 | 48 7.972 | 36 | 22 | 19 | 39 8.392 | 36 | 33 | 30 | 39 
7.563 | 33 | 20 | 22 | 48 7.977 | 42 | 27 | 20 | 39 8.400 | 42 | 30 | 27 | 45 
7.566 | 39 | 27 | 22 | 42 7.983 | 45 | 21 | 19 | 51 8.403 | 45 | 21 | 20 | 51 
7.571 |33 | 19 | 17 | 39 7.988 | 55 | 27 | 20 | 51 8.412 | 39 | 30 | 33 | 51 
7.576 | 60 | 33 | 20 | 48 7.993 | 33 | 17 | 21 | 51 8.422 | 45 | 22 | οἱ | 51 
7.583 | 39 | 30 | 21 | 36 8.000 | 36 |33|.. | 45 8.426 | 39 | 27 | 21 | 36 
7.589 | 55 | 27 | 19 | 51 8.011 | 39 | 21 | 22 | 51 8.438 | 36 | 24 | 27 | 48 
7.597 | 39 | 33 | 27 | 42 8.016 | 33 | 19 | 18 | 39 8.444 | 48 | 24 | 19 | 45 
7.600 | 36 | 20 | 19 | 45 8.021 | 42 | 24 | 22 | 48 8.452 |39 | 19 | 21 | 51 
7.605 | 42 | 27 | 22 | 45 8.028 | 51 | 24 | 17 | 45 8.462 | 33 | 36] .. | 39 
7.612 | 339 | 17 |} 20 | 51 8.036 | 45 | 36 | 27 | 42 8.471 |36 | 17 | 18 | 45 
7.615 | 33 | 30 | 27 | 39 8.042 | 48|27 | 19 | 42 8.482 | 45 | 24 | 19 | 42 
7.619 | 48 | 30 | 20 | 42 8.050 | 39 | 19 | 20 | 51 8.488 | 55 | 27 | 20 | 48 
7.623 | 39 | 27 | 19 | 36 8.059 | 30 | 21 | 22 | 39 8.493 |33 | 17 | 21 | 48 
7.628 | 42 | 24 | 17 | 39 8.063 | 55 | 27 | 19 | 48 8.497 |39 | 27 | 30 | 51 
7.636 | 36 | 22 | 21 | 45 8.067 | 36 | 21 | 24 | 51 8.502 | 30 | 19 | 21 | 39 
7.639 | 33 | 27 | 90 | 48 8.072 | 39 18 | 19 | 51 8.512 | 39 | 24 | 22 | 42 
7.646 | 51 | 27 | 17 | 42 8.077 | 45 | 30 | 21 | 39 8.515 | 48 | 21 | 19 | 51 
` 7.656 | 42 | 24 | 21 | 48 8.081 60 | 33 | 20 | 45 8.523 | 45 | 22 | 20 | 48 
7.669 | 48|27 | 22 | 51 8.088 | 33 | 24 | 30 | 51 8.531 | 39 | 20 | 21 | 48 
7.677 | 36 | 27 | 19 | 33 8.095 |17|45|..]|21 8.538 | 55 | 24 | 19 | 51 
7.684 | 33 | 17 | 19 | 48 8.105 | 33 | 19 | 21 | 45 8.545 | 51 | 27 | 19 | 42 
7.692 | 90 | 96 | .. | 39 8.114 | 21 | 55 | 51 | 24 8.553 | 39 | 19 | 20 | 48 
7.697 | 39 | 19 | 18 | 48 8.120 | 55 | 33 | 19 | 39 8.556 | 42 | 30 | 22 | 36 
7.700 | 33 | 20 | 21 | 45 8.128 | 48 | 22 | 19 | 51 8.571 | 36 | 33 | .. | 42 
7.704 | 39 | 27 | 24 | 45 8.143 | 36 | 20 | 19 | 42 8.576 | 39 | 24 | 19 | 36 
7.714 | 36 | 30 | 27 | 42 8.148 | 22| 42 | .. | 27 8.594 | 33 | 24 | 30 | 48 
7.721 45 | 24 | 21 | 51 8.157 | 51 | 33 | 19 | 36 8.603 | 39 24 | 27 | 51 
7.727 | 17 | 45 | -x | 22 8.163 | 30 | 21 | 24 | 42 8.615 | 42 | 30 | 24 | 39 
7.734 | 33 | 24 | 27 | 48 8.167 | 42 | 24 | οἱ | 45 8.627 | 42 | 21 | 22 | 51 
7.738 | 39 | 36 | 30 | 42 8.173 | 45 | 24 | 17 | 39 8.636 | 19 | 45 | .. | 22 
7.741 | 55 | 80 | 19 | 45 8.182 | 27 | 39 | .. | 88 8.643 | 33 | 20 | 22 | 42 
7.749 | 48 | 27 | 17 | 39 8.196 | 33 | 17 | 19 | 45 8.654 | 45 | 36 | 27 | 39 
7.758 | 48 | 33 | 24 | 45 8.205 | 48 | 36 | 24 | 39 8.661 48 | 27 | 19 | 39 
7.765 | 36 | 30 | 33 | 51 8.211 | 39 | 19 | 18 | 45 8.667 | 39 | 33] .. | 45 
7.778 | 21 | 42 .. | 27 8.231 | 33 | 21 | 22 | 42 8.673 | 45 | 21 | 17 | 42 
7.792 | 51 30 | 22 | 48 8.235 | 48| 24 | 21 | 51 8.684 | 33 | 19 | 24 | 48 
7.800 | 39 | 30 | 27 | 45 8.242 | 51 33 | 24 | 45 8.693 | 51 | 22 | 18 | 48 
7.813 | 45 | 24 | 20 | 48 8.250 | 33 | 20 | 24 | 48 8.708 | 33 | 20 | 19 | 36 
7.822 | 48 | 30 | 22 | 45 8.254 | 39 | 27 | 24 | 42 8.715 | 60 | 27 | 20 | 51 
7.829 | 42 | 19 | 17 | 48 8.259 | 36 | 19 | 17 | 39 8.720 |36 | 17 | 21 | 51 
7.832 | 42 33 | 24 | 39 8.264 | 51 | 27 | 21 | 48 8.727 | 36 | 30 | 24 | 33 
7.841 | 39 | 21 | 19 | 45 8.273 | 39 | 30 | 21 | 33 8.730 | 33 | 27 | 30 | 42 
7.846 | 51 | 30 | 18 | 39 8.282 | δι | 30 | 19 | 39 8.739 | 39 | 21 | 24 | 51 
7.857 | 33 |36 | .. | 42 8.289 | 36 | 19 | 21 | 48 8.745 |27 | 19 | 24 | 39 
7.861 | 42 | 22 | οἱ | 51 8.296 | 42 | 27 | 24 | 45 8.750 | 21 | 45 | .. | 24 
7.870 | 45 | 27 | 17 | 36 8.305 | 36 | 17 | 20 δι 8.754 | 39 | 27 | 20 | 33 
7.875 | 42 | 30 | 27 | 48 8.308 | 36 | 30 | 27 | 39 8.758 | 51 | 22 | 17 | 45 
7.879 | 39 | 33 | 30 | 45 8.312 | 48 | 33 | 24 | 42 8.766 | 45 | 33 | 27 | 42 
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TABLE OF LEADS (8.769 to 10.094) 
















































































| Lead of Lead of Lead of 
| Spiral A {В С | D Spiral A | | Col Ὦ Spiral A | Bl ο D 
| in Inches 1 in Inches in Inches 
| 8.769 | 36 | 20 | 19 | 39 9.184 | 30 | 21 | 27 | 42 | 9.630 | 39 | 27 | 24 | 36 
| 8.775 | 42 | 27 | 22 | 39 9.192 | 39 | 27 | 21 | 33 9.636 | 42 | 19 | 17 | 39 
| 8.782 | 33 | 17 | 19 42 9 202 | 51 | 27 | 19 | 39 9.643 | 36 | 24 | 27 | 42 
8.787 | 55 | 27 | 22 | 51 9.205 | 36 | 22 | 27 | 48 9.651 48 | 21 | 19 | 45 
| 8.791 30 | 21 | 24 | 39 9.211 42 | 19 | 20 | 48 9.659 |39 | 19 | 24 | 51 
Ё 8.796 | 60 | 27 | 19 | 48 9.215 | 55 | 27 | 19 | 42 9.670 | 33 | 21 | 24 | 39 
8.800 | 33 | 20 | 24 | 45 9.231 36 | 38 | .. | 39 9 676 | 55 | 24 | 19 | 45 
| 8.811 42|33 | 27 | 39 9.236 | 42 | 24 | 19 | 36 9.686 | 30 | 17 | 19 | 45 
| 8.815 | δι | 27 | 21 | 45 9.244 | 45 ! 21 | 22 | 51 9 692 | 42 | 30 | 27 | 39 
| 8.821 39 | 20 | 19 | 42 9.253 | 45 | 22 19 | 42 9 700 | 55 | 27 | 20 | 42 
[* 8.827 | 39 | 27 | 22 | 36 9.259 | 60 | 27 | 20 | 48 9.706 | 36 | 24 | 39 | 51 
| 8.831 48 | 22 | 17 | 42 9.273 | 51 | 33 | 27 | 45 9 714 | 51 | 21 | 18 | 45 
8.839 | 33 | 24 | 27 | 42 9.281 33 | 20 | 27 | 48 9.722 | 45 | 27 | 21 | 36 
8.844 | 39 | 21 | 20 | 42 9.288 | 45 | 19 | 20 | 51 9.728 | 39 | 21 | 22 | 42 
8.854 | 55 | 22 | 17 | 48 9.297 | 51 | 24 | οἱ | 48 9.740 | 45 | 33 | 30 | 42 
| 8.864 | 39 | 33 | 36 | 48 9.301 42 | 22 | 19 | 39 9.744 | 48 | 24 | 19 | 39 
| 8.867 | 42 | 20 | 19 | 45 9.308 | 33 | 20 | 22 | 39 9.750 | 39 | 30 | 27 | 36 
8.882 | 45 | 19 | 18 | 48 9.314 | 60 | 24 | 19 | 51 9.757 | ὅδ | 2ἱ | 19 | 51 
8.889 |24 | 42 | .. | 27 9.333 | 42 | 30 | 24 | 36 9.770 | 33 | 19 | 27 | 48 
8.897 | 33 | 17 | 22 | 48 9.341 45 | 21 | 17 | 39 9.778 | 55 | 30 | 24 | 45 
8.905 | 51 | 30 22 | 42 9.346 | 39 | 27 | 33 | 51 9.788 | 51 | 30 | 19 | 33 
8.909 | 42 | 22 | 21 | 45 9.351 48 | 33 | 27 | 42 9.796 | 36 | 21 | 24 | 42 
8.916 | 36 | 19 | 24 | 51 9.356 | 39 | 24 | 19 | 33 9.800 | 42 | 20 | 21 | 45 
8.922 |39 | 18 | 21 | 51 9.375 | 36 | 24 | 30 | 48 9 808 | 51 | 24 | 18 | 39 
8.929 | 45 | 24 | 20 | 42 9.385 | 39 | 22 | 27 | 51 9 818 | 36 | 20 | 18 | 33 
L 8.932 | 55 | 30 | 19 | 39 9.402 | 33 | 27 | 30 | 39 9.825 | 42 | 19 20 | 45 
8.938 | 39 | 20 | 22 | 48 9.408 | 39 | 19 | 22 | 48 9.832 | 39 | 21 | 27 | 51 
8 941 36 | 17 | 19 | 45 9.412 | 42 | 21 | 24 | 51 9.844 | 42 | 24 | 27 | 48 
| 8.947 | 17 |45 | .. | 19 9.421 | 36 | 22 | 19 | 33 9.852 | 42 | 18 | 19 | 45- 
| 8.951 48 | 33 | 24 | 39 9.429 | 33 | οἱ | 27 | 45 9.860 | 48 | 21 | 22 | 51 
+ 8.956 | 42 | 27 | 19 | 33 9.436 | 55 | 24 | 21 | 51 9.868 | 45 | 19 | 20 | 48 
8.964 | 48| 21 | 20 | 51 9.441 | 45 | 33 | 27 | 39 9.872 | 55 | 30 21 | 39 
8.972 | 51 | 24 | 19 | 45 9.446 | 39 | 17 | 21 | 51 9.877 | 48 | 27 | 20 | 36 
8.980 | 39 | 19 | 21 | 48 9.455 | 39 | 30 | 24 | 33 9.882 | 36 | 17 | 21 | 45 
8.990 | 33 | 39 | 51 | 48 9.474 | 18 | 45 | .. | 19 9.886 | 55 | 24 | 22 | 51 
9.000 | 27 |42 | .. | 30 9.481 48 | 27 | 24 | 45 9.890 | 30 | 21 | 27 | 39 
9.015 | 42 | 22 | 17 | 36 9.490 | 33 | 17 | 22 | 45 9.894 | 51 | 27 | 22 | 42 
9.023 | 30 | 19 | 24 | 42 9.500 | 19 | 45 | .. | 20 9.900 | 33 | 20 | 27 | 45 
9.031 51 | 20 | 17 | 48 9.506 | 55 | 27 21 | 45 9.907 | 48 | 19 | 20 | 51 
9048 |19|45]| .. | 21 9.510 | 51 | 33 | 24 | 39 9.917 | 30 | 22 | 24 | 33 
9.053 | 55 | 27 | 20 | 45 9.519 | 33 | 24 | 27 | 39 9.926 | 45 | 24 | 27 | 51 
9 059 | 42 | 30 | 33 | 51 9.524 | 20 | 45 | .. | 21 9.931 39 | 24 | 22 | 36 
9.066 | 27 | 42 | 55 | 39 9.533 | 39 | 20 | 22 | 45 9 955 | 51 | 33 | 27 | 42 
9.071 55 | 24 | 19 | 48 9.536 | 42 | 19 | 22 | 51 9.955 | 33 | 17 | 20 | 39 
9.076 36 | 21 | 27 | 51 9.545 21 | 45 | .. | 22 9.959 55 | 27 | 22 | 45 
, 9.081 39 | 17 | 19 | 48 9.549 | 55 | 24 | 20 | 48 9.965 | 36 | 17 | 24 | 51 
| 9.091 | 30 | 36] .. | 33 9.559 | 39 | 24 | 30 | 51 9.969 | 51 | 27 | 19 | 36 
| 9.098 | 33 | 19 | 22 | 42 9.563 | 51 | 20 | 18 | 48 9.972 | 39 | 22 | 27 | 48 
9.102 | 42| 19 |21 | δι 9.573 | 42 | 27 | 24 | 39 9.989 | 55 | 24 | 17 | 39 
| 9.107 | 51 | 36 | 27 | 42 9.579 | 39 | 19 | 21 | 45 10.000 | 24 | 45 | .. | 24 
е 9.117 | 48 | 27 | 20 | 39 9.586 | 45 | 19 | 17 | 42 10.026 | 55 | 24 | 21 | 48 
| 9.123 | 39 | 19 | 20 | 45 9.590 | 51 | 30 | 22 | 39 10.031 | 36 | 19 | 27 | 51 
| 9.135 | 45 | 24 | 19 | 39 9.596 | 45 | 27 | 19 | 33 10.037 | 39 | 17 | 21 | 48 
| 9.141 | 39 | 24 | 27 | 48 9.600 | 48 | 30 | 27 | 45 10.052 | 60 | 27 | 19 | 42 
| 9.148 | 39 | 18 | 19 | 45 9.603 | 55 | 30 | 22 | 42 10.065 | 42 | 27 | 33 | 51 
9.150 | 42 | 27 | 30 δι 9.608 | 42 | 18 | 21 | 51 10.070 | 36 | 22 | 24 | 39 
9.154 | 51 | 90 | 21 | 39 9.613 | 51 | 24 | 19 | 42 10.076 | 42 | 22 | 19 | 36 
9.167 |33|39 | .. | 36 9.619 | 55 | 27 | 17 | 36 10.084 | 45 | 21 | 24 | 51 
9.176 | 39 | 30 | 36 | 51 9.625 | 42 | 20 | 22 | 48 10.094 | 51 20 | 19 | 48 
- [ 105 |= = Ξ Ξ 
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TABLE OF LEADS 10.096 to 11.692) 


















































Lead of Lead of Lead of 
Spiral A|B|C|D Spiral A. | Ὁ] Ὁ Spiral 
in Inches in Inches in Inches 
10.096 | 45 | 24 | 21 | 39 10.625 | 51 | 24 | 18 | 36 11.156 
10.102 | 33 | 21 | 27 | 42 10.636 | 39 | 22 | 27 | 45 11.165 
10.107 | 42 | 22 | 27 | 51 10.644 | 60 | 21 | 19 | 51 11.172 
10.119 | 55 | 22 | 17 | 42 10.655 | 51 | 27 | 99 | 39 11.176 
10.125 | 36 20 | 27 | 48 10.658 | 36 | 19 | 27 | 48 11.184 
10.133 | 48 | 20 | 19 | 45 10.670 | 55 | 27 | 22 | 42 11.189 
10.142 | 51 | 22 | 21 | 48 10.688 | 33 | 19 | 24 | 39 11.200 
10.150 | 30 | 19 | 27 | 42 10.694 | 42 | 27 | 33 | 48 11.204 
10.156 | 39 | 24 | 30 | 48 10.699 | 51 | 99 | 18 | 39 11.211 
10.160 | 60 | 22 19 | 51 10.706 | 42 30 | 39 | 51 11.216 
10.168 | 33 | 17 | 22 | 42 10.714 | 33 | 22 | 30 | 42 11.224 
10.173 | 42 | 17 | 21 | 51 10.739 | 42 | 22 | 27 | 48 11.230 
10.185 | 55 | 27 | 24 | 48 10.744 | 39 | 22 | 20 | 33 11.250 
10.200 | 51 | 30 | 27 | 45 10.751 55 | 27 | 19 | 36 11.259 
10.208 | 42 | 24 | 21 | 36 10.756 | 48 | 21 | 24 | 51 11.278 
10.217 | 45 | 19 | 22 | 51 10.769 | 42 | 33 | .. | 39 11.282 
10.227 | 36 | 22 | 30 | 48 10.774 | 48 | 27 | 20 | 33 11.294 
10.236 | 48 | 27 | 19 | 33 10.784 | 45 | 27 | 33 | 51 11.298 
10.252 | 55 | 19 | 17 | 48 10.794 | 51 | 27 | 24 | 42 11.308 
10.263 | 39 | 19 | 24 | 48 10.800 | 36 | 20 | 27 | 45 11.313 
10.271 55 | 21 | 20 | 51 10.809 | 42 | 17 | 21 | 48 11.317 
10.280 | 42 | 22 | 21 | 39 10.818 | 51 | 22 | 21 | 45 11.324 
10.286 | 48 | 30 | 27 | 42 10.822 | 55 | 18 | 17 | 48 11.329 
10.294 | 55 | 22 | οἱ | 51 10.827 | 36 | 19 | 24 | 42 11.336 
10.303 | 51 | 33 | 24 | 36 10.833 | 39 | 33 | .. | 36 11.345 
10.313 | 45 | 30 | 33 | 48 10.855 | 45 | 19 | 22 | 48 11.352 
10.324 | 45 |.19 | 17 | 39 10.860 | 30 | 17 | 24 | 39 11.364 
10.340 | 48 | 21 | 19 | 42 10.867 | 39 | 19 | 27 | 51 11.368 
10.353 | 51 | 24 | 19 | 39 10.875 | 51 | 27 | 19 | 33 11.375 
10.362 | 45 | 19 21 | 48 10.884 | 48 | 21 | 20 | 42 11.383 
10.370 | 42|27 | 24 | 36 10.889 | 42 | 18 | 21 | 45 11.396 
10.378 | 39 | 17 | 19 | 42 10.900 | 45 | 17 | 21 | 51 11.407 
10.385 | 45 | 90 | 27 | 39 10.909 | 36 |39 | .. | 33 11.416 
10.390 | 48 | 22 | 20 | 42 10.913 | 55 | 24 | 20 | 42 11.423 
10.400 | 39 | 30 | 36 | 45 10.919 | 33 | 17 | 27 | 48 11.429 
10.408 | 51 | 21 | 18 | 42 10.924 | 39 | 21 | 30 | 51 11.435 
10.413 | 36 | 22 | 21 | 33 10.931 30 | 19 | 27 | 39 11.442 
10.421 983 | 19 | 27 | 45 10.940 | 48 | 27 | 24 | 39 11.455 
10. 431 42 | 17 | 19 | 45 10.950 | 33 | 17 | 22 | 39 11.471 
10.440 | 45 | 21 | 19 | 39 10.962 | 45 | 20 | 19 | 39 11.483 
10.446 | 55 | 27 | 20 | 39 10.969 | 55 | 27 | 21 | 39 11.491 
10.452 | 33 | 17 | 21 | 39 10.980 | 42 | 18 | 24 | 51 11.503 
10.462 | 48 | 20 | 17 | 39 10.986 | 51 21 | 19 | 42 11.515 
10.476 | 22 | 45 | .. | 21 10.992 | 42 | 22 | 19 | 33 11.529 
10.490 | 45 | 33 | 30 | 39 11.000 | 33 | 42| .. | 30 11.538 
10.500 | 21 | 45|.. | 20 11.014 | 45 | 22 | 21 | 39 11.546 
10.505 | 39 | 27 | 24 | 33 11.020 | 36 | 21 | 27 | 42 11.556 
10.515 | 39 | 24 | 33 | 51 11.029 | 45 | 24 | 30 | 51 11.570 
10.519 | 36 | 22 | 27 | 42 11.039 | 51 | 33 | 90 | 42 11.579 
10.526 | 20 | 45 | .. | 19 11.053 | 21 | 45] .. | 19 11.591 
10.547 | 45 | 24 | 27 | 48 11.058 | 55 | 21 | 19 | 45 11.607 
10.556 | 19 | 45 | .. | 18 11.073 | 48 | 17 | 20 | 51 11.611 
10.577 | 33 | 24 | 30 | 39 11.080 | 39 | 22 | 30 | 48 11.624 
10.582 | 60 | 27 | 20 | 42 11.092 | 36 | 21 | 33 | 51 11.636 
10.588 | 18 | 45 | .. | 17 11.111 90 9 | ...αα | 27 11.647 
‘10.593 | 39 | 27 | 33 | 45 11.123 | 39 | 33 | 48 | 51 11.660 
10. 601 55 | 21 | 17 | 42 11.131 51 | 24 | 22 | 42 11.667 
10.607 | 33 | 20 | 27 | 42 11.136 | 42 | 22 | 21 | 36 11.688 
10.614 | 33 | 19 | 22 | 36 || 11.146 | 36 | 19 | 30 | 51 11.692 

































































TABLE OF LEADS, STANDARD DRIVING MECHANISM 
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TABLE OF LEADS (11.703 to 13.303) 

Lead of | Lead of Lead of 
Spiral АВО Ὅ Spiral А | В | C | D Spiral A|B|C/|D 

in Inches in Inches | in Inches 

11.703 | 42 | 19 | 27 | 51 12.217 | 45 | 17 | 18 | 39 12.745 45 | 27 | 39 | 51 
11.719 | 45 | 24 | 30 | 48 12.222 | 33 | 39 | .. | 27 12.750 51 | 30 | 27 | 36 
11.729 | 39 | 19 | 24 | 42 12.235 | 51 | 22 | 19 | 36 12.759 55 | 21 | 19 | 39 
11.733 | 48 | 20 | 22 | 45 12.245 | 45 | 21 | 24 | 42 12.768 39 | 24 | 33 | 42 
11.743 | 51 | 19 | 21 | 48 12.250 | 42 | 20 | 21 | 36 12.773 48 | 17 | 19 | 42 
11.748 | 42 | 22 | 24 | 39 12.273 | 27 |42.| .. | 22 12.784 45 | 22 | 30 | 48 
11.752 | 55 | 24 | 20 | 39 12.281 42 | 19 | 20 | 36 12.795 60 | 27 | 19 | 33 
11.765 | 20 | 48 | .. | 17 12.303 | 51, 19 | 22 | 48 12.800 48 | 20 | 24 | 45 
11.769 | 51 | 30 | 27 | 39 12.308 | 42 | 21 | 24 | 39 12.806 55 | 17 | 19 | 48 
11.777 | 45 | 22. 19 | 33 12.316 | 39 | 19 | 27 | 45 12.817 51 | 21 | 19 | 36 
11.789 | 42 | 19 | 24 | 45 12.325 | 55 | 21 | 24 | 51 12.821 55 | 22 | 20 | 39 
11.806 | 55 | 22 | 17 | 36 12.338 | 60 | 22 | 19 | 42 12.829 39 | 19 | 30 | 48 
11.813 | 42 | 20 | 27 | 48 12.346 | 60 | 27 | 20 | 36 12.834 48 | 22| 30 | 51 
11.818 | 39 | 36] . 33 12.353 | 21 | 45)... | 17 12.857 27 |45 | .. | 21 
11.831 51 | 21 | 19 | 39 12.364 | 51 | 22 | 24 | 45 12. 866 55 | 19 | 20 | 45 
11.842 | 45 | 19 | 24 | 48 12.375 | 33 | 24 | 27 | 30 12.879 51 | 33 | 30 | 36 
11.846 | 42 | 30 | 33 | 39 12.381 39 | 27 | 36 | 42 12.891 45 | 24 | 33 | 48 
11.852 | 48 | 27 | 24 | 36 12.389 | 51 | 19 | 18 | 39 12.896 45 | 17 | 19 | 39 
11.863 | 33 | 17 | 22 | 36 12.397 | 45 | 22 | 20 | 33 12.904 39 | 17 | 27 | 48 
11.868 | 36 | 21 | 27 | 39 12.409 | 39 | 22 | 21 | 30 12.919 30 | 19 | 27 | 33 
11.875 |51 | 17 | 19 | 48 12.418 | 60 | 18 | 19 | 51 12.923 42 | 20 | 24 | 39 
11.883 | 55 | 27 | 21 | 36 12.423 | 51 | 20 | 19 | 39 12.929 48 | 27 | 24 | 33 
11.889 | 48 | 19 | 24 | 51 12.434 | 42 | 19 | 27 | 48 12.941 22|45 |.. | 17 
11.895 | 42 | 27 | 39 | 51 12.440 | 55 | 20 | 19 | 42 12.952 51 | οἱ | 24 | 45 
11.900 | 51 | 20 | 21 | 45 12.449 | 55 | 27 | 22 | 36 12.963 55 | 27 | 21 | 88 
11.905 | 45 | 27 | 30 | 42 12.457 | 45 | 17 | 24 | 51 12.981 45 | 24 | 27 | 39 
11.912 | 36 | 17 | 27 | 48 12.462 | 36 | 20 | 27 | 39 12.991 48 | 18 | 19 | 39 
11.917 | 39 | 30 | 33 | 36 12.467 | 51 | 20 | 22 | 45 13.000 39 | 36 30 
11.922 | 48 | 17 | 19 | 45 12.472 | 55|21 | 20 | 42 13.017 45 | 22| 21 | 38 
11.932 | 42 | 22 | 30 | 48 12.479 |33 | 17 | 27 | 42 13.026 36 | 19 | 38 | 48 
11.939 | 39 | 21 | 27 | 42 12.487 | 55 | 19 | 22 | 51 13.032 36 | 17 | 24 | 39 
11.946 |33 | 17 | 24 | 39 12.500 | 45 | 33] .. | 36 13.040 51 | 22 | 27 | 48 
11.953 | 51 | 24 | 97 | 48 12.513 | 39 | 22 | 36 | 51 13.061 48 | 21 | 24 | 42 
11.963 | 51 | 18 | 19 | 45 12.526 | 51 | 19 | 21 | 45 13.072 60 | 18 | 20 | 51 
11.973 | 48 | 21 | 22 | 42 12.536 | 55 | 27 | 24 | 39 13.080 42 | 17 | 27 | 51 
11.983 | 55 | 18 | 20 | 51 12.544 | 39 | 19 | 22 | 36 13.095 45 | 27 | 33 | 42 
11.987 | 51 | 24 | 22 | 39 12.549 | 48 | 18 | 24 | 51 13.109 39 | 21 | 36 | 51 
12.000 | 36 | 99 | .. | 30 12.557 | 39 | 33 | 51 | 48 13.117 36 | 19 | 27 | 39 
12.004 | 55 | 21 | 22 | 48 12.564 | 42 | 18 | 21 | 39 13.125 42 | 24 | 36 | 48 
12.017 | 39 | 21 | 33 | 51 12.571 36 | οἱ | 33 | 45 13.131 39 | 27 | 30 | 33 
12.024 | 33 | 19 | 27 | 39 12.582 | 55 | 18 | 21 | 51 13.149 45 | 22 | 27 | 42 
12.031 42 | 24 | 83 | 48 12.587 | 45 | 88 | 36 | 39 13.162 42 | 27 | 33 | 39 
12.037 | 39 | 27 | 30 | 36 12.593 | 51 | 27 | 24 | 36 13.176 42 | 17 | 24 | 45 
12.042 | 51 | 20 | 17 | 36 12.600 | 42 | 20 | 27 | 45 13.181 55 | 18 | 22 | 51 
12.053 | 55 | 17 | 19 | 51 12.606 | 39 | 33 | 48 | 45 13.187 36 | 21 | 30 | 39 
12.057 36 | 19 | 21 | 33 12.618 55 | 19 | IZ |89 13.195 39 | 19 | 27 | 42 
12.063 | 60 | 21 | 19 | 45 12.632 | 24 | 45 | .. | 19 13.200 36 | 20 | 33 | 45 
12.074 | 39 | 19 | 30 | 51 12.639 | 42 | 27 | 39 | 48 13.209 39 | 17 | 19 | 33 
12.088 | 33 | 21 | 30 | 39 12.656 | 45 | 20 | 27 | 48 13.217 42 | 22 | 27 | 39 
12.095 | 55 | 24 | 19 | 36 12.662 | 39 | 22 | 30 | 42 13.223 48 | 22 | 20 | 33 
12.101 48 | 21 | 27 | 51 12.667 | 60 | 20 | 19 | 45 13.233 48 | 19 | 22 | 42 
12.108 | 39 | 17 | 19 | 36 12 675 | 51 | 19 | 17 | 36 13.241 39 | 27 | 33 | 36 
12.115 | 42 | 24 | 27 | 39 12.687 | 55 | 17 | 20 | 51 13.247 51 | 22 | 24 | 42 
12.121 60 | 22 | 20 | 45 12.692 | 45 | 30 | 33 | 39 13.263 42 | 19 | 27 | 45 
12.133 | 42 | 30 | 39 | 45 12.698 | 48 | 27 | 30 | 42 13.268 55 | 19 | 22 | 48 
12.149 | 42 | 22 | 21 | 33 12.706 | 36 | 17 | 27 | 45 13.281 51 | 24 | 30 | 48 
12.179 | 60 | 24 | 19 | 39 12.721 51 | 21 | 22 42 13.287 48 | 17 | 24 | 51 
12.188 | 39 | 22 | 33 | 48 12.727 | 42 |136 |... | 38 13.295 39 | 22 | 36 | 48 
12.201 45 | 19 | 17 | 33 12.731 55 | 24 | 20 | 36 13.303 42 | 17 | 21 | 39 
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TABLE OF LEADS (13.322 to 15.231) 

Lead of Lead of Lead of 

‚ Spiral A | B | @ | D Spiral A BS οι D Spiral A|RB|C|D 

in Inches in Inches | in Inches | 
13.322 | 45 | 19 | 27 | 48 13.929 | 39 | 22 | 33 | 42 14.592 39 | 21 | 33 | 42 
13.333 | 48 | 33 | .. | 36 13.937 | 42 | 17 | 22 | 39 14.599 42 | 22 | 39 | 51 
13.347 | 51 | 22 | 19 | 33 13.956 | 55 | 17 | 22 | 51 14.609 51 | 24 | 33 | 48 
13.357 | 51 | 20 | 22 49 13.971 60 | 17 | 19 | 48 14.615 60 | 20 | 19 | 39 
13.368 | 55 | 24 | 21 | 36 13.986 | 60 | 33 | 30 | 39 14.625 ο | 30 | 27 | 24 
13.375 | 48 | 19 | 27 | 51 14.000 | 42 | 96 | .. | 30 14.636 55 | 17 | 19 42 
13.382 | 42 | 24 | 39 | 51 14.005 | 55 | 24 | 22 | 36 14.641 51 | 19 | 18 | 33 
13.388 | 36 | 22 | 27 | 33 14.014 | 45 | 17 | 27 δι 14.652 60 | 21 | 20 | 39 
13.397 | 55 | 20 | 19 | 39 14.020 | 99 | 18 | 33 | δι 14.661 36 | 17 | 27 | 39 
13.406 | 39 | 20 | 33 | 48 14.026 | 48 | 22 | 27 | 42 14.667 55 | 20 | 24 | 45 
13.421 51 | 19 | 24 | 48 14.035 | 60 | 19 | 20 | 45 14.682 51 | 20 | 19 | 33 
13.431 55 | 21 | 20 | 39 14.060 | 51 | 19 | 22 | 42 14.694 48 | 21 | 27 | 42 
13.439 | 33 | 17 | 27 | 39 14.066 | 48 | 21 | 24 | 39 14.706 45 | 18 | 30 | 51 
13.445 | 48 | 21 | 30 | 51 14.074 | 60 | 18 | 19 | 45 14.712 51 | 24 | 27 | 39 
13.458 | 51 | 20 | 19 | 36 14.103 | 60 | 24 | 22 | 39 14.727 36 | 22 | 27 | 30 
13.468 | 60 | 27 | 20 | 33 14.112 | 39 | 19 | 33 | 48 14.737 42 | 19 | 30 | 45 
13.474 | 48 | 19 | 24 | 45 14.118 | 24 | 48 | . | 17 14.748 39 | 17 | 27 | 42 
13.481 42 | 27 | 39 | 45 14.141 42 | 27 | 40 | 88 14.752 51 | 22 | 21 | 33 
13.492 | 51 | 27 | 30 | 42 14.152 | 55 | 19 | 22 | 45 14.769 48 | 20 | 24 | 39 
13.500 | 27 | 42 | .. | 20 14.161 45 | 22 | 27 | 39 14.774 55 | 21 | 22 | 39 
13.509 | 42 | 19 22 | 36 14.167 | 51 | 24 | 30 | 45 14.790 48 | 21 | 83 | 51 
13.523 | 51 | 24 | οἱ | 33 14.182 | 39 | 90 | 36 | 33 14.803 45 | 19 | 30 | 48 
13.534 | 36 19 | 30 | 42 14.211 27 | agit << | 19 14.808 42 | 24 | 83 | 39 
13.542 | 45 | 27 | 39 | 48 14.219 | 42 | 24 | 39 | 48 14.815 55 | 27 | 24 | 38 
13.571 60 | 20 | 19 | 42 14.225 | 42 | 17 | 19 | 33 14.824 42 | 17 | 27 | 45 
13.580 | 55 | 27 | 24 | 36 14.251 48 | 19 | 22 | 39 14.835 45 | 21 | 27 | 39 
13.600 | 51 | 20 | 24 | 45 14.259 | 42 | 27 | 33 | 36 14.841 51 | 27 | 33 | 42 
13.611 42 | 18 | 21 | 36 14.266 | 51 | 22 | 24 | 39 14.850 33 | 20 | 27 | 30 
13.622 | 55 | 19 | 24 | 51 14.286 | 30 | 39] .. | 21 14. 861 48 | 19 30 | 51 
13.636 | 45 | 36 | .. | 33 · || 14.300 | 39 | 20 | 33 | 45 14.875 51 | 20 | 21 , 36 
13.660 | 55 | 17 | 19 | 45 14.316 | 51 | 19 | 24 | 45 14.886 55 | 18 | 19 | 39 
13.670 | 55 | 19 | 17 | 36 14.338 | 45 | 24 | 99 | 51 14.890 45 | 17 | 27 | 48 
13.675 | 48 | 27 | 30 | 39 14.344 | 51 | 20 | 27 | 48 14.896 39 | 36 | 33 | 24 
13.684 | 39 | 19 | 30 | 45 14.351 39 | 33 | 51 | 42 14.903 51 | 22 | 27 | 42 
13.700 | 51 | 21 | 22 | 39 14.359 | 42 | 27 | 36 | 39 14.928 39 | 19 | 24 | 33 
13.714 | 48 | 21 | 27 | 45 14.379 | 55 | 18 | 24 | 51 14.938 55 | 27 | 22 | 30 
13.719 | 55 | 21 | 22 | 42 14.385 | 51 | 30 | 33 | 39 14.945 51 | 21 | 24 | 39 
13.725 | 45 | 27 | 42 | 51 14.394 | 60 | 24 | 19 | 33 14.954 51 | 18 | 19 | 36 
13.731 51 | 20 | 21 | 39 14.400 | 48 | 20 | 27 | 45 14.966 55 | 21 | 24 | 42 
13.737 | 51 | 27 | 24 | 33 14.405 | 55 | 20 | 22 | 42 14.973 42 | 17 | 20 | 33 
13.750 | 33 | 42 | .. | 24 14.412 | 42 | 17 | 21 | 36 15.000 45 | 96 | .. | 30 
13.756 | 48 | 17 | 19 | 39 14.423 | 45 | 24 | 30 | 39 15.038 60 | 19 | 20 | 42 
13.765 | 39 | 17 | 27 | 45 14.429 | 55 | 18 | 17 | 36 15.043 48 | 27 | 33 | 39 
13.776 | 45 | 21 | 27 | 42 14.436 | 48 | 19 | 24 | 42 15.053 39 | 19 | 33 | 45 
13.788 | 42 | 36 | 39 | 33 14.444 | 39 | 36] .. | 27 15.059 48 | 17 | 24 | 45 
13.804 | 48 | 17 | 22 | 45 14.453 | 51 | 19 | 21 | 39 15.072 45 | 19 | 21 | 33 
13.816 | 42 | 19 | 30 | 48 14.464 | 45 | 20 | 27 | 42 15.079 60 | 21 19 | 36 
13.823 | 55 | οἱ | 19 | 36 14.474 | 55 | 19 | 24 | 48 15.098 55 | 17 | 21 | 45 
13.841 60 | 17 | 20 | 51 14.480 | 48 | 17 | 20 | 39 15.105 48 | 22 | 27 | 39 
13.846 | 48 | 24 | 27 | 39 14.489 | 51 | 22 | 30 | 48 15.111 51 | 30 | 24 | 27 
13.853 | 48 | 21 | 20 | 33 14.504 | 39 | 22 | 27 | 33 15.126 45 | 21 | 36 | 51 
13.866 | 45 | 21 | 33 | 51 14.514 | 55 | 20 | 19 | 36 15.152 45 | 33 | 30 | 27 
13.878 | 51 | 21 | 24 | 42 14.530 | 51 | 27 | 30 | 39 15.158 48 | 19 | 27 | 45 
13.884 | 42 | 22 | 24 | 33 14.538 | 42 | 20 | 27 | 39 15.167 42 | 36 | 39 | 30 
13.889 | 45 | 27 | 30 | 36 14.545 | 4δ | 86 | .. | 33 15.179 51 | 24 | 30 | 42 
13.897 | 42 | 17 | 27 | 48 14 550 | 55 | 27 | 30 | 42 15.195 39 | 22 | 36 | 42 
13.904 | 39 | 17 | 20 | 33 14.559 | 36 | 17 | 33 | 48 15.204 42 | 17 | 24 | 39 
13.909 | 51 | 30 | 27 | 33 14.571 51 | 21 | 27 | 45 15.225 55 | 17 | 24 δι 
13.919 | 60 | 21 | 19 | 39 14.583 | 42 | 36 | 30 | 24 15.231 36 | 20 | 33 | 39 
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TABLE OF LEADS (15.241 to 17.550) 
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Lead of Lead of Lead of 
Spiral A | B| GI ID Spiral A | P | ο D Spiral A | EB] C | D 
in Inches in Inches in Inches 
15.241 45 | 17 | 19 | 33 15.966 | 60 | 17 | 19 | 42 16.783 48 | 22 | 30 | 39 
15.256 | 51 | 18 21 | 39 15.983 | 51 | 27 | 33 | 39 16.794 39 | 19 | 27 | 33 
15.273 | 42 | 33 | 36 | 30 16.000 | 48 36 | .. | 30 16.800 42 | 20 | 36 | 45 
15.278 | 55 | 24 | 24 | 36 16.032 | 36 | 19 | 33 | 39 16.806 55 | 30 | 33 | 36 
15.294 | 42 | 21 | 99 | 51 16.042 | 42 36 | 33 | 24 16.813 51 | 21 | 27 | 39 
15.300 | 51 | 20 | 27 | 45 16.049 | 51 | 22 | 27 | 39 16.824 39 | 17 | 33 | 45 
15.306 | 45 | 21 | 30 | 42 16.071 45 | 24 | 36 | 42 16.837 45 | 21 | 33 | 42 
15.311 48 | 19 | 20 | 33 16.082 ` 55 | 19 | 20 | 36 16.845 45 | 22 | 42 | 51 
15.321 39 | 20 | 33 | 42 16.105 | 51 | 19 | 27 | 45 16.852 42 | 36 | 39 | 27 
15.338 | 51 | 19 | 24 | 42 16.117 | 55 | 21 | 24 | 39 16.859 51 | 22 | 24 | 33 
15.354 | 48 18 | 19 | 33 16.127 | 55 | 18 | 19 | 36 16.875 45 | 24 | 27 | 30 
15.385 | 45 | 39 | 36 | 27 16.134 | 48 | 21 | 36 | 51 16.886 55 | 19 | 21 | 36 
15.395 | 39 | 19 | 36 | 48 16.150 | 51 | 20 | 19 | 30 16.904 42 | 19 | 39 | 51 
15.400 | 42 | 20 | 33 | 45 16.162 | 48 | 33 | 30 | 27 16.917 45 | 19 | 30 | 42 
15.407 | 39 | 27 | 48 | 45 16.176 | 55 | 17 | 24 | 48 16.923 55 | 20 | 24 | 39 
15.429 | 36 | 21 | 27 | 30 16.190 | δι | 21 | 30 | 45 16.947 55 | 17 | 22 | 42 
15.439 | 55 | 19 | 24 | 45 16.200 | 36 | 20 | 27 | 30 16.970 42 | 33 | 36 | 27 
15.441 42 | 17 | 30 | 48 16.211 42 | 19 | 33 | 45 16.985 42 | 17 | 33 | 48 
15.455 |51 | 36] .. | 33 16.239 | 60 | 18 | 19 | 39 17.000 51 | 36 .. | 30 
15.469 | 45 | 20 | 33 | 48 16.250 |39 | 36 | .. | 24 17.017 45 | 17 | 27 | 42 
15.476 | 45 | 27 | 39 | 42 16.257 | 48 | 17 | 19 | 33 17.028 55 | 19 | 30 | 51 
15.502 | 96 | 19 | 27 | 33 16.283 | 55 | 19 | 27 | 48 17.045 45 | 33 | 30 | 24 
15.513 | 55 | 20 | 22 | 39 16.290 | 36 | 17 | 30 | 39 17.053 36 | 19 | 27 | 30 
15.529 | 96 | 17 | 33 | 45 16.296 | 48 | 27 | 33 | 36 17.063 42 | 20 | 39 | 48 
15.547 | 48 | 19 | 24 | 39 16.313 | 51 | 18 | 19 | 33 17.075 55 | 17 | 19 | 36 
15.556 | 42 | 36] .. | 27 16.327 | 48 | 21 | 30 | 42 17.081 51 | 19 | 21 | 33 
15.571 45 | 17 | 30 | 51 16.333 | 42 | 18 21 | 30 17.094 60 | 27 | 30 | 39 
15.577 | 45 | 20 | 27 | 39 16.346 | 51 | 24 | 30 | 39 17.105 39 | 19 | 30 | 36 
15.587 | 55 | 19 | 21 | 39 16.364 | 36 | 39] .. | 22 17.112 48 | 17 | 20 | 33 
15.600 | 39 | 20 | 36 | 45 16.370 | 39 | 27 | 51 | 45 17.128 45 | 17 | 33 | 51 
15.612 | 51 | 21 | 27 | 42 16.387 | 45 | 21 | 39 | 51 17.143 36 | 39 | .. | 21 
15.620 | 42 | 22 | 27 | 33 16.397 | 45 | 19 | 27 | 39 17.172 51 | 33 | 30 | 27 
15.625 | 45 | 36 | 30 | 24 16.404 | 51 19 | 22 | 36 17.182 42 | 22 | 27 | 30 
15.632 | 33 | 19 | 27 | 30 16.410 | 48 | 27 | 36 | 39 17.195 60 | 17 | 19 | 39 
15.642 | 45 | 22| 39 | 51 16.421 39 | 19 | 36 | 45 17.206 39 | 17 | 36 | 48 
15.658 | 51 | 19 | 21 | 36 16.450 | 60 | 21 | 19 | 33 17.225 36 | 19 | 30 | 33 
15.670 | 55 | 27 | 30 | 39 16.471 42 | 17 | 90 | 45 17.236 55 | 27 | 33 | 39 
15.686 | 48 | 18 | 30 | 51 16.484 | 45 | 21 | 30 | 39 17.255 55| 17 | 24 | 45 
15.692 | 51 | 20 | 24 | 39 16.500 | 33 | 36] .. | 20 17.273 51 | 17 | 19 | 33 
15.714 | 48 | 24 | 33 | 42 16.508 | 48 | 27 | 39 | 42 17.308 45 | 24 | 36 | 39 
15.724 | 33 | 39] .. | 21 16.518 | 51 | 19 | 24 | 39 17.316 60 | 21 | 20 | 33 
15.734 | 45 | 22 | 30 | 39 16.529 | 60 | 22 | 20 | 33 17.326 36|17 | 27 | 33 
15.741 51 | 27 | 30 | 36 16.544 | 45 | 17 | 30 | 48 17.333 48 | 36 | 39 | 30 
15.750 | 42 | 24 | 27 | 30 16.558 | 51 | 22 | 30 | 42 17.347 51 | 21 | 30 | 42 
15.762 | 55 | 17 | 19 | 39 16.579 | 42 | 19 | 36 | 48 17.355 42 | 33 | 30 | 22 
15.772 | 39 | 17 | 33 | 48 16.593 | 42 | 27 | 48 | 45 17.368 33 | 39 | .. | 19 
15.789 | 30 | 42 | .. | 19 16.609 | 48 | 17 | 30 | 51 17.376 48 | 17 | 24 | 99 
15.817 | 55 | 17 | 22 | 45 16.615 | 48 | 20 | 27 | 39 17.386 51 | 24 | 27 | 33 
15.824 | 48 | 21 | 27 | 39 16.623 | 48 | 21 | 24 | 33 17.411 45 | 24 | 89 | 42 
15.833 | 51 | 17 | 19 | 36 16.639 | 36 | 17 | 33 | 42 17.421 55 | 17 | 21 | 39 
15.865 | 45 | 24 | 33 | 39 16.667 | 45 | 36] .. | 27 17.439 42 | 17 | 36 | 51 
15.873 | 55 | 21 | 20 | 33 16.684 | 48 | 22 | 39 | 51 17.455 48 | 33 | 36 | 30 
15.882 | 27 | 42] .. | 17 16.696 | 51 | 24 38 | 42 17.471 33 | 17 | 27 | 30 
15.889 | 39 | 30 | 33 | 27 16.714 | 39 | 20 | 36 | 42 17.479 48 | 21 | 39 | 51 
15.909 | 42 | 33 | 30 | 24 16.725 | 39 | 19 | 22 | 27 17.490 48 | 19 | 27 | 39 
15.918 | 39 | 21 | 36 | 42 16.736 | 45 | 22 | 27 | 33 17.500 42 | 39 | .. | 24 
15.928 | 48 | 17 | 22 | 39 16.762 | 48 | 21 | 33 | 45 17.531 51 | 20 | 33 | 48 
15.938 | 51 | 20 | 30 | 48 16.776 | 51 | 19 | 30 | 48 17.540 39 | 27 | 51 | 42 
15.955 | 39 | 22 | 27 | 30 17.550 39 | 20 | 27 | 30 
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TABLE OF LEADS (17.582 to 20.588) 
Lead of Lead of | Lead of | 
Spiral A|B|C|D Spiral А Вер Spiral A | ο Ü 
in Inches in Inches in Inches 
| 
17.582 | 48 | 21 | 30 | 39 18.519 | 60 | 27 | 30 | 36 19.479 | 51 | 24 | 33 | 36 
17.593 | 60 | 18 | 19 | 36 18.529 | 42 | 17 | 36 | 48 19.500 | 39 | 36} .. | 20 
17.600 | 48 20 | 33 | 45 18.545 | 51 | 30 | 36 | 33 19.522 | 51 | 19 | 24 | 33 
17.622 | 42 | 39 | 36 | 22 18.571 | 989 |.36 | . | 21 19.548 | 48 | 17 | 27 | 39 
17.630 | 42 | 27 51 | 45 18.583 | 51 | 19 | 27 | 39 19.556 | 48 | 30 | 33 | 27 
17.647 | 30 39, .. | 17 18.595 | 45 | 22 | 30 | 33 19.592 | 48 | 21 | 36 | 42 
17.654 | 51 | 20 | 27 | 39 18.609 | 45 | 19 | 33 | 42 19.608 | 60 | 17 | 20 | 36 
17.662 | 51 | 91 | 24 | 33 18.627 | 60 | 17 | 19 | 36 19.615 | 51 | 24 | 36 | 39 
17.679 | 45 | 20 | 33 | 42 18.660 | 39 | 19 | 30 | 33 19.636 | 48 | 22 | 27 | 30 
17.690 | 55 | 19 | 22 | 36 18.673 | 55 | 27 | 33 | 36 19.643 | 33 | 21 | 30 | 24 
17.708 | 51 | 24 | 30 | 36 18.685 45 | 17 | 36 | 51 19.664 | 39 | 17 | 36 | 42 
17.727 |39 | 36 | .. | 22 18.700 51 | 20 | 33 | 45 19.684 | 51 | 19 | 33 | 45 
17.763 | 45 | 19 | 36 | 48 18.707 | 55 | 21 | 30 | 42 19.697 | 45 | 33 | 39 | 27 
17.778 | 48 33, .. | 27 18.731 55 | 19 | 83 | 51 19.732 | 51 24 | 39 | 42 
17.810 | 51 | 21 | 33 | 45 18.750 | 45 | 36) .. | 24 19.744 | 42 | 18 | 33 | 39 
17.824 | 55 | 18 | 21 | 36 18.770 |39 | 17 | 27 | 33 19.765 | 42 | 17 | 36 | 45 
17.832 | 51 | 22 | 30 | 39 18.803 | 55 | 18 | 24 | 39 19.780 | 45 | 21 | 36 | 39 
17.843 | 42 | 18 | 39 | 51 18.816 | 39 | 19 | 33 | 36 19.800 | 36 | 30 | 33 | 20 
17.851 48 | 22 | 27 | 33 18.824 | 48 18 | 36 | 51 19.810 | 48 | 21 | 39 | 45 
17.857 | 60 | 24 | 30 | 42 18.857 | 48 | 20 | 33 | 42 19.835 | 48 | 22 | 30 | 33 
17.875 | 39 | 30 | 33 | 24 18.873 | 55 | 17 | 21 | 36 19.850 | 48 | 19 | 33 | 42 
17.898 | 45 | 22 | 42 | 48 18.881 | 45 | 22 | 36 | 39 19.861 39 | 27 | 33 | 24 
17.919 | 96 | 17 | 33 | 39 18.889 |51|39].. | 27 19.870 | 51 22 | 36 | 42 
17.949 | 45 | 39 | 42 | 27 18.900 | 42 | 20 | 27 | 30 19.895 | 42 | 19 | 27 | 30 
17.959 | 48 | 21 | 33 | 42 18.909 | 48 | 33 | 39 | 30 19.910 | 55 | 17 | 24 | 39 
17.968 | 42 | 17 | 24 | 33 18.947 | 36 | 39 | .. | 19 19.922 | 45 | 24 | 51 | 48 
17.981 51 | 24 | 33 | 39 18.958 | 42 36 | 39 | 24 19. 931 48 | 17 | 36 | 51 
18.000 | 36 |39 | .. | 20 18.967 | 51 | 22 | 27 | 33 20.000 | 48 |36|.. | 24 
18.006 | 55 24 | 33 | 42 18.994 | 45 | 22 | 39 | 42 20.040 | 45 | 19 | 33 | 39 
18.025 | 39 | 17 | 33 | 42 19.031 55 | 17 | 30 | 51 20.074 | 42 | 17 | 39 | 48 
18.030 | 51 18 | 21 | 33 19.038 | 45 | 20 | 33 | 39 20.096 | 42 | 19 | 30 | 33 
18.045 | 48 | 19 | 30 | 42 19.048 | 55 | 21 | 24 | 33 20.132 | 51 | 19 | 36 | 48 
18.056 | 45 | 36 | 39 | 27 19.059 | 36 | 17 | 27 | 30 20.147 | 55 | 21 | 30 | 39 
18.086 | 42 19 | 27 | 33 19.082 | 51 | 21 | 33 | 42 20.167 | 55 | 20 | 22 | 30 
18.092 | 55 | 19 | 30 | 48 19.091 42 | 36| ες | 22 20.192 | 45 | 39 | 42 | 24 
18.100 | 60 | 17 | 20 | 39 19.097 | 55 | 24 | 30 | 36 20.202 | 60 | 27 | 30 | 33 
18.111 45 | 19 | 89 | 51 19.118 | 45 | 18 | 39 | 51 20.211 48 | 19 | 24 | 30 
18.118 | 42 | 17 | 33 | 45 19.125 | δι | 24 27 | 30 20.222 | 42 | 30 | 39 | 27 
18.132 | 45 | 21 | 33 | 39 19.139 | 60 | 19 | 20 | 33 20.238 | 51 | 21 | 30 | 36 
18.151 48 | 17 | 27 | 42 19.145 | 48 | 39 | 42 | 27 20.250 | 45 | 20 | 27 | 30 
18.182 | 48 | 33 | 30 | 24 19.158 | 42 | 19 | 39 | 45 20.260 | 39 | 33 | 36 | 21 
18.200 | 42 | 20 | 39 | 45 19.173 | 51 | 19 | 30 | 42 20.301 45 | 19 | 36 | 42 
18.219 | 45 | 19 | 30 | 39 19.192 | 60 | 18 | 19 | 33 20.321 60 | 17 | 19 | 33 
18.250 | 55 | 17 | 22 39 19.206 | 55 | 21 | 33 | 45 20.342 | 42 | 27 | 51 | 39 
18.270 | 48 17 33 δι 19.231 55 | 22 | 30 | 39 20.362 | 45 | 17 | 30 | 39 
18.286 | 48 | 21 36 | 45 19.243 | 45 | 19 | 39 | 48 20.370 | 55: | 38] .. | 27 
18.308 | 42 | 30 | 51 | 39 19.250 | 42 | 30 | 33 | 24 20.392 | 48 | 18 | 39 | 51 
18.326 | 45 | 17 | 27 99 19.259 | 48 | 36 | 39 | 27 20.400 | 51 | 20 | 24 | 30 
18.333 | 55 | 33 | .. | 30 19.286 | 45 | 21 | 27 | 30 20.408 | 60 | 21 | 30 | 42 
18.353 | 39 | 17 | 36 | 45 19.298 | 55 | 19 | 30 | 45 20.433 | 55 | 19 | 36 | 51 
18.367 | 45 | 21 | 36 | 42 19.319 | 48 | 19 | 39 | 51 20.455 | 45|36| .. | 22 
18.373 | 48 | 19 | 24 | 33 19.341 48 | 21 | 33 | 39 20.463 | 51 | 36 | 39 | 27 
18.384 | 42 | 33 | 39 | 27 19.378 | 45 | 19 | 27 | 33 20.513 | 45 | 27 | 48 | 39 
18.409 | 45 | 22 | 27 | 30 19.385 | 42 | 20 | 36 | 39 20.526 | 39 [961 .. | 19 
18.421 55 | 19 | 21 | 33 19.394 | 48 | 33 | 36 | 27 20.535 | 48 | 17 | 24 | 33 
18.454 | 51 | 19 | 33 | 48 19.412 | 33 | 36 .. | 17 20.549 | 51 | 21 | 33 | 39 
18.462 | 48 | 24 | 36 | 39 19 429 | 51 | 21 | 36 | 45 20.571 48 | 21 | 27 | 30 
18.474 | 39 | 19 | 27 | 30 19.433 | 48 | 19 | 30 | 39 20.578 | 55 | 21 | 33 | 42 
18.487 | 55 | 17 | 24 | 42 19.444 | 45 | 36 | 42 | 27 20.588 | 55 | 17 | 21 ! 33 




































































TABLE OF LEADS, STANDARD DRIVING MECHANISM 






















































































TABLE OF LEADS (20.606 to 24.740) 
Lead of Lead of Lead of 
Spiral А B |e | D Spiral A | B | G | D Spiral A|B.C|D 
in Inches in Inches in Inches 
20.606 | 51 | 33 | 36 | 27 21.857 | 51 | οἱ | 27 | 30 23.214 | 45 | 36 | 39 | 21 
20.625 | 45 | 30 | 33 | 24 21.862 | 45 | 19 | 36 | 39 23.253 | 48 | 17 | 42 | 51 
20.635 | 39 | 21 | 30 | 27 21.875 | 45 | 36 | 42 | 24 23.269 | 55 | 20 | 33 | 39 
20.648 | 51 | 19 | 30 | 39 21.895 | 48 | 19 | 39 | 45 23.294 | 36 | 17 | 33 | 30 
20.670 | 48 | 19 | 27 | 33 21.962 | 51 | 19 | 27 | 33 23.320 | 48 | 19 | 36 | 39 
20.682 | 42 | 33 | 39 | 24 21.978 | 60 | 21 | 30 | 39 23.333 | 42 | 36 | .. | 18 
20.706 | 48 | 17 | 33 | 45 22.000 | 48 | 30 | 33 | 24 23.375 | 51 | 30 | 33 | 24 
20.719 | 51 | 20 | 39 | 48 22.028 | 45 | 39 | 42 | 22 23.400 | 39 | 30 | 36 | 20 
20.741 48 | 36 | 42 | 27 22.037 | 42 | 27 | 51 | 36 23.437 | 45 | 24 | 30 | 24 
20.769 | 45 | 20 | 36 | 39 22.059 | 45 | 17 | 30 | 36 23.459 | 48 | 19 | 39 | 42 
20.778 | 51 | 30 | 33 | 27 22.068 | 39 | 36 | 55 | 27 23.487 | 51 | 19 | 42 | 48 
20.798 | 45 | 17 | 33 | 42 22.078 | 51 | 21 | 30 | 33 23.504 | 55 | 18 | 30 | 39 
20.805 | 48 | 19 | 42 | 51 22.105 | 42 | 36 | .. | 19 23.529 | 55 | 17 | 24 | 33 
20.816 | 51 | 21 | 36 | 42 22.154 | 48 | 20 | 36 | 39 23.538 | 51 | 20 | 36 | 39 
20.826 | 42, 33 | 36 | 22 22.185 | 48 | 17 | 33 | 42 23.579 | 48 | 19 | 42 | 45 
20.833 | 45 | 27 | 30 | 24 22.222 | 48 | 36 | 45 | 27 23.611 51 | 27 | 30 | 24 
20.842 | 36 | 30 | 33 | 19 22.235 | 42 | 17 | 27 | 30 23.636 | 48 | 33 | 39 | 24 
20.856 | 39 | 17 | 30 | 33 22.243 | 55 | 17 | 33 | 48 23.684 | 45 | 33 | .. | 19 
20.864 | 51 | 22 | 27 | 30 22.262 | 51 | 21 | 33 | 36 23.725 | 55 | 17 | 22 | 30 
20.905 | 42 | 17 | 33 | 39 22.286 | 39 | 30 | 36 | 21 23.765 | 42 | 27 | 55 | 36 
20.934 | 55 | 17 | 33 | 51 22.313 | 51 | 20 | 42 | 48 23.800 | 51 | 20 | 42 | 45 
20.952 | 48 | 21 | 33 | 36 22.323 | 51 | 33 | 39 | 27 23.810 | 45 | 21 | 30 | 27 
20.979 | 60 | 22 | 30 | 39 22.344 | 39 | 24 | 33 | 24 23.824 | 45 | 17 | 27 | 30 
21.000 | 42 | 39] .. | 20 22.368 | 51 | 19 | 30 | 36 23.833 | 39 | 27 | 33 | 20 
21.010 | 48 | 33 | 39 | 27 22.392 | 39 | 33 | 36 | 19 23.864 | 45 | 33 | 42 | 24 
21.029 | 39 | 17 | 33 | 36 22.400 | 48 | 20 | 42 | 45 23.891 48 | 17 | 33 | 39 
21.053 | 55 | 19 | 24 | 33 22.418 | 51 | 21 36 | 39 23.947 | 42 | 19 | 39 | 36 
21.074 | 51 | 22 | 30 | 33 22.449 | 55 | 21 | 36 | 42 23.974 | 51 | 18 | 33 | 39 
21.099 | 48 | 21 | 36 39 22.460 | 42 | 17 | 30 | 33 24.000 | 48 | 33 | .. | 20 
21.154 | 55 | 20 | 30 | 39 22.500 | 45 | 36| .. | 20 24.040 | 51 | 33 | 42 | 27 
21.176 | 36 39 | .. | 17 22.551 51 | 21 | 39 | 42 24.063 | 42 | 24 | 33 | 24 
21.212 | 45 | 33 | 42 | 27 22.564 | 48 | 18 | 33 | 39 24 074 | 55 | 27 | 39 | 33 
21.228 | 55 | 19 | 22 | 30 22.579 | 39 | 30 | 33 | 19 24.115 | 42 | 33 | 36 | 19 
21.250 | 51 | 33] .. | 24 22.588 | 48 | 17 | 36 | 45 24.123 | 55 | 19 | 30 | 36 
21.273 | 39 | 30 | 36 | 22 22.626 | 42 | 27 | 48 | 33 24.158 | 51 | 19 | 27 | 30 
21.316 | 45 | 19 | 27 | 30 22.667 | 51 | 30 | 36 | 27 24.176 | 55 | 21 | 36 | 39 
21.333 | 48 | 30 | 36 | 27 22.689 | 45 | 17 | 36 | 42 24.202 | 48 | 17 | 36 | 42 
21.377 | 48 | 19 | 33 | 39 22.698 | 39 | 27 | 33 | 21 24.231 45 | 20 | 42 | 39 
21.389 | 42 | 27 | 33 | 24 22.713 | 51 | 19 | 33 | 39 24.242 | 48 | 33 | 45 | 27 
21.399 | 51 | 22 | 36 | 39 22.727 | 45 | 27 | 30 | 22 24.265 | 55 | 17 | 36 | 48 
21.412 | 42 | 17 | 39 | 45 22.737 | 48 | 19 | 27 | 30 24.286 | 51 | 38 .. | 21 
21.429 | 45 | 36] .. | 21 22.744 | 55 | 19 | 33 42 24.292 | 60 | 19 | 30 | 39 
21.450 | 39 | 30 | 33 | 20 22.750 | 42 | 30 | 39 | 24 24.316 | 42 | 30 | 33 | 19 
21.474 | 51 | 19 | 36 | 45 22.768 | 51 | 21 | 45 | 48 24.375 | 45 | 30 | 39 | 24 
21.507 | 45 | 17 | 39 | 48 22.805 | 42 | 17 | 36 | 39 24.402 | 51 | 19 | 30 | 33 
21.526 | 51 | 22 | 39 | 42 22.837 | 55 | 17 | 36 | 51 24.434 | 45 | 17 | 36 | 39 
21.538 | 48 | 24 | 42 | 39 22.857 | 48 | 33] .. | 21 24.444 | 55 | 30 | 36 | 27 
21.577 | 51 | 20 | 33 | 39 22.885 | 51 | 24 | 42 | 39 24.471 48 | 17 | 39 | 45 
21.592 | 48 | 17 | 39 | 51 22.909 | 42 | 30 | 36 | 22 24.494 | 55 | 19 | 33 | 39 
21.607 | 55 | 20 | 33 | 42 22.917 | 55 | 30] .. | 24 24.519 | 45 | 24 | 51 | 39 
21.636 | 51 | 33 | 42 | 30 22.941 39 | 36 | .. | 17 24.545 | 45 | 30 | 36 | 22 
21.654 | 48 | 19 | 36 | 42 22.967 | 48 | 19 | 30 | 33 24.561 42|19 | 30 | 27 
21.667 | 39 | 36] .. | 18 23.008 | 51 | 19 | 36 | 42 24.580 | 45 | 17 | 39 | 42 
21.711 66 | 19 | 36 | 48 23.021 51 | 24 | 39 | 36 24.605 | 51 | 19 | 33 | 36 
21.719 | 48 | 17 | 30 | 39 23.077 | 48 | 24 | 45 | 39 24.615 | 48 | 21 | 42 | 39 
21.795 | 51 | 18 | 30 | 39 23.100 | 42 | 30 | 33 | 20 24.632 | 39 | 30 | 36 | 19 
21.809 | 51 | 19 | 39 | 48 23.111 48 | 30 | 39 | 27 24.706 | 42,36 |... | 17 
21.818 | 48 | 33 | .. | 22 23.158 | 55 | 19 | 24 | 30 24.727 | 48 | 22 | 51 | 45 
21.825 | 55 | 21 | 30 | 36 23.182 | 51 | 33| .. | 22 24.740 | 55 | 17 1 39 ! 51 
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TABLE OF LEADS (24.750 to 30.390) 

Lead of Lead of Lead of 

Spiral A | PE | GI D Spiral A E |: G D Spiral A|B|GC|D 

in Inches in Inches | in Inches 

24.750 | 45 | 30 | 33 | 20 26.353 | 48 | 17 | 42 | 45 28.373 | 55 | 21 | 39 | 36 
24.762 | 39 | 27 | 36 | 21 26.374 | 48 | 21 | 45 | 39 28.421 45 | 30 | 36 | 19 
24.777 | 51 | 19 | 36 | 39 26.400 | 48 | 30 | 33 | 20 28.437 | 42 | 24 | 39 | 24 
24.793 | 60 | 22 | 30 | 33 26.442 | 45 | 24 | 55 | 39 28.507 | 45 | 17 | 42 | 39 
24.826 | 55 | 24 | 39 | 36 26.471 45 9δ] ος | 13 28.519 | 55 | 27 | 42 | 30 
24.887 | 55 | 17 | 30 | 39 26.494 | 51 | 33 | 36 | 21 28.547 | 55 | 17 | 45 | 51 
24.914 | 48 | 17 | 45 | 51 26.526 | 42 | 30 | 36 | 19 28.571 48 | 21 | 30 | 24 
24.925 | 51 | 19 | 39 | 42 26.535 | 55 | 19 | 33 | 36 28.636 | 45 | 30 | 42 | 22 
24.935 | 48 | 33 | 36 | 21 26.591 45 | 30 | 39 | 22 28.676 | 45 | 36 | 39 | 17 
24.965 | 51 | 22 | 42 | 39 26.644 | 55 | 17 | 42 | 51 28.701 51 | 33 | 39 | 21 
25.000 | δι | 17 | 30 | 36 26.667 | 48, 36 | .. | 18 28.718 | 48 | 18 | 42 | 39 
25.027 | 39 | 33 | 36 | 17 26.714 | 51 | 30 | 33 | 21 28.737 | 42 | 30 | 39 | 19 
25.053 | 51 19 | 42 | 45 26.748 | 51 | 22 | 45 | 39 28.759 | 51 | 19 | 45 | 42 
25.088 | 39 | 27 | 33 | 19 26.765 | 42 | 36 | 39 | 17 28.810 | 55 | 30 | 33 | 21 
25.114 | 51 | 33 | 39 | 24 26.786 | 45 | 21 | 30 | 24 28.875 | 42 | 24 | 33 | 20 
25.143 | 48 | 30 | 33 | 21 26.812 | 39 | 24 | 33 | 20 28.889 | 48 | 27 | 39 | 24 
25.175 | 48 | 22 | 45 | 39 26.842 | 61 391 .. | 19 28.907 | 51 | 19 | 42 | 39 
25.200 | 42 | 30 | 36 | 20 26.880 | 55 | 19 | 39 | 42 28.947 | 45 | 27 | 33 | 19 
25.210 | 60 | 17 | 30 | 42 26.952 | 42 | 33 | 36 | 17 28.977 | 51 | 24 | 45 | 33 
25.235 | 39 | 17 | 83 | 30 26.984 | 51 | 21 | 30 | 27 29.079 | 51 | 19 | 39 | 36 
25.263 | 48 | 33 | .. | 19 27.000 | 45 | 30 | 36 | 20 29.091 48 | 33 | 42 | 21 
25.278 | 42 | 27 | 39 | 24 27.018 | 42 | 27 | 33 | 19 29.101 55 | 21 | 30 | 27 
25.289 | 51 | 33 | 36 | 22 27.045 | 51 | 33 | 42 | 24 29.118 | 45 | 17 | 33 | 30 
25.325 | 45 | 33 | 39 | 21 27.068 | 48 | 19 | 45 | 42 29.143 | 51 30 | 36 | 21 
25.385 | 60 | 20 | 33 | 39 27.083 | 55 | 24 | 39 | 33 29.167 | 45 | 27 | 42 | 24 
25.397 | 48 | 21 | 30 | 27 27.149 | 60 | 17 | 30 | 39 29.198 | 42 | 33 | 39 | 17 
25.412 | 48 | 17 | 27 | 30 27.176 | 42 | 17 | 33 | 30 29.221 45 | 21 | 30 | 22 
25.420 | 55 | 17 | 33 | 42 27.206 | 48 | 19 | 42 | 39 29.250 | 45 | 30 | 39 | 20 
25.455 | 48 | 33 | 42 | 24 27.273 | 48 | 33 | 45 | 24 29.282 | 51 | 33 | 36 | 19 
25.463 | 55 | 27 | 30 | 24 27.300 | 42 30 | 39 | 20 29.333 | 48 | 27 | 33 | 20 
25.490 | 39 | 17 | 30 | 27 27.368 | 39 | 27 | 36 | 19 29.412 | 60 | 17 | 30 | 36 
25.500 | 51 | 33 .. | 20 27.397 | 51 | 33 | 39 | 22 29.423 | 51 | 20 | 45 | 39 
25.536 | 39 | 24 | 33 | 21 27.429 | 48 | 80 | 36 | 21 29.474 | 42 | 27 | 36 | 19 
25.568 | 45 | 24 | 30 | 22 27.462 | 51 | 20 | 42 | 39 29.504 | 51 | 22 | 42 | 33 
25.641 60 | 18 | 30 | 39 27.500 | 55 | 33 | .. | 20 29.526 | 51 | 30 | 33 | 19 
25.658 | 45 | 36 | 39 | 19 27.529 | 39 | 30 | 36 | 17 29.545 | 45 | 27 | 39 | 22 
25.668 | 48 | 17 | 30 | 33 27.560 | 48 | 33 | 36 | 19 29.605 | 45 | 19 | 30 | 24 
25.714 | 45 | 30 | 36 | 21 27.576 | 42 | 27 | 39 | 22 29.630 | 48 | 18 | 30 | 27 
25.758 | 51 | 27 | 30 | 22 27.632 | 45 | 19 | 42 | 36 29.657 | 55 | 17 | 33 | 36 
25.785 | 48 | 33 | 39 | 22 27.692 | 48 | 20 | 45 | 39 29.683 | 51 | 27 | 33 | 21 
25.837 | 45 | 33 | 36 | 19 27.731 55 | 17 | 36 | 42 29.714 | 48 | 30 | 39 | 21 
25.846 | 48 | 20 | 42 | 39 27.755 | 51 | 21 | 48 | 42 29.750 | 51 | 30 | 42 | 24 
25.855 | 55 | 18 | 33 | 39 27.769 | 48 | 33 | 42 | 22 29.774 | 36 | 21 | 33 | 19 
25.882 | 55 | 17 | 36 | 45 27.789 | 48 | 30 | 33 | 19 29.792 | 55 | 30 | 39 | 24 
25.905 | 51 | 21 | 48 | 45 27.818 | 51 | 30 | 36 | 22 29.825 | 51 | 19 | 30 | 27 
25.926 | 42 | 18 | 30 | 27 27.857 | 45 | 30 | 39 | 21 29.864 | 55 | 17 | 36 | 39 
25.972 | 51 | 27 | 33 | 24 27.937 | 48 | 27 | 33 | 21 29.890 | 51 | 21 | 48 | 39 
26.000 | 48 | 30 | 39 | 24 27.990 | 45 | 33 | 39 | 19 30.000 | 55 | 30 | 36 | 22 
26.020 | 51 | 21 | 45 | 42 28.009 | 55 | 27 | 33 | 24 30.042 | 55 | 17 | 89 | 42 
26.033 | 45 | 33 | 42 | 22 28.022 | 51 | 21 | 45 | 39 30.136 | 51 | 30 | 39 | 22 
26.053 | 45 | 30 | 33 | 19 28.039 | 55 | 17 | 39 | 45 30.144 | 45 | 33 | 42 | 19 
26.063 | 48 | 17 | 36 | 39 28.050 | δι | 30 | 33 | 20 30.196 | 42 | 17 | 33 | 27 
26.124 | 42 | 33 | 39 | 19 28.070 | 48 | 19 | 30 | 27 30.222 | 51 | 30 | 48 | 27 
26.154 | 51 | 21 | 42 | 39 28.125 | 45 | 24 | 36 | 24 30.252 | 48 | 17 | 45 | 42 
26.182 | 48 | 30 | 36 | 22 28.224 | 39 | 24 | 33 | 19 30.303 | 60 | 22 | 30 | 27 
26.218 | 48 | 17 | 39 | 42 28.235 | 48| 36 | .. | 17 30.316 | 48 | 30 | 36 | 19 
26.250 | 45 | 30 | 42 | 24 28.283 | 60 | 27 | 42 | 33 30.333 | 42 | 27 | 39 | 20 
26.287 | 55 | 17 | 39 | 48 28.309 | 55 | 17 | 42 | 48 30.357 | 51 | 21 | 30 | 24 
26.310 | 51 | 21 | 39 | 36 28.333 | 51 | 27 | 33 22 30.390 | 39. 22 | 96 | 21 





















































TABLE OF LEADS, STANDARD DRIVING MECHANISM 



























































lo 
TABLE OF LEADS (30.407 to 37.227) 
Lead of | | Lead of Lead of I 
Spiral A О | D Spiral A|B|C|D Spiral АВС р 
in Inches | in Inches in Inches 
30.407 | 48 | 17 | 42 | 39 32.566 | 45 | 24 | 33 | 19 34.895 | 51 | 30 | 39 | 19 
30.450 | 55 | 17 | 48 | 51 32.579 | 48 | 17 | 45 | 39 34.921 55 | 27 | 36 21 
30.476 | 48 | 27 | 36 | 21 32.692 | 51 | 18 | 45 | 39 35.000 | 48 | 24 | 42 | 24 
30.513 | 51 | 18 | 42 | 39 32.727 | 51 | 33 | 36 | 17 35.049 | 55 | 17 | 39 | 36 
30.545 | 48 | 30 | 42 | 22 32.738 | 55 | 21 | 30 | 24 35.065 | 45 | 22 | 36 | 21 
30.556 | 55 | 24 | 36 | 27 32.807 | 51 | 27 | 33 | 19 35.079 | 51 | 27 | 39 | 21 
30.588 | 39 | 17 | 36 | 27 32.842 | 48 | 30 | 39 | 19 35.088 | 60 | 19 | 30 | 27 
30.600 | 51 | 30 | 36 | 20 32.906 | 55 | 18 | 42 | 39 35.188 | 39 | 21 | 36 | 19 
30.643 | 39 | 20 | 33 | 21 32.941 42 | 27 | 36 | 17 35.256 | 55 | 18 | 45 | 39 
30.677 | 51 | 19 | 48 | 42 33.000 | 48 | 24 | 33 | 20 35.294 | 45 | 27 | 36 | 17 
30.694 | 51 | 27 | 39 94 33.016 | 48 | 27 | 39 | 21 35.325 | 51 21 | 48 | 33 
30.769 | 48 | 18 | 45 | 39 33.036 | 51 | 19 | 48 | 39 35.357 | 45 | 21 | 33 | 20 
30.789 | 45 | 30 | 39 | 19 33.056 | 51 | 27 | 42 | 24 35.368 | 48 | 30 | 42 | 19 
30.802 | 48 | 33 | 36 | 17 · || 33.088 | 45 | 17 | 30 94 35.380 | 55 | 27 | 33 | 19 
30.882 | 45 | 36 | 42 | 17 33.117 | 51 | 21 | 30 | 22 35.417 | 51 | 27 | 45 | 24 
30.909 | 51 | 27 | 36 | 22 33.158 | 45 | 30 | 42 | 19 35.455 | 42 | 22 | 39 | 21 
30.937 | 45 | 24 | 33 | 20 33.239 | 45 | 24 | 39 | 22 35.526 | 45 | 24 | 36 | 19 
30.952 | 45 | 27 | 39 | 21 33.277 | 36 | 17 | 33 | 21 35.556 | 48 | 27 | 42 | 21 
30.972 | 51 | 19 | 45 | 39 33.333 | 55 | 27 | 36 | 22 35.588 | 55 | 17 | 33 | 30 
31.023 | 42 | 24 | 39 | 22 33.369 | 48 | 33 | 39 | 17 35.648 | 55 | 27 | 42 | 24 
31.059 | 48 | 17 | 33 | 30 33.393 | 51 | 24 | 33 | 21 35.686 | 42 | 27 | 39 | 17 
31.111 48 | 27 | 42 | 24 33.429 | 39 | 21 | 36 | 20 35.700 | 51 | 30 | 42 | 20 
31.167 | 51 | 27 | 33 | 20 33.485 | 51 | 27 | 39 | 22 35.714 | 60 | 21 | 30 | 24 
31.200 | 48 | 30 | 39 | 20 33.553 | 51 | 19 | 30 | 24 35.750 | 55 | 20 | 39 | 30 
31.250 | 60 | 24 | 30 | 24 33.589 | 39 | 22 | 36 | 19 35.795 | 45 | 24 | 42 | 22 
31.283 | 45 | 33 | 39 | 17 33. 611 55 | 27 | 88 | 20 35.921 42 | 24 | 39 | 19 
31.316 | 51 | 19 | 42 | 36 33.684 | 48 | 27 | 36 | 19 35.936 | 48 | 17 | 42 | 33 
31.360 | 55 | 19 | 39 | 36 33.704 | 42|27 | 39 | 18 35.948 | 55 | 17 | 30 | 27 
31.385 | 51 | 20 | 48 | 39 33.719 | 51 | 22 | 48 | 33 35.962 | 51 | 20 | 55 | 39 
31.429 | 55 | 30 | 36 | 21 33.750 | 45 | 24 | 36 | 20 36.000 | 51 30 | 36 | 17 
31.481 51 | 18 | 30 | 27 33.772 | 55 | 19 | 42 | 36 36.012 | 55 | 24 | 33 | 21 
31.500 | 45 | 30 | 42 | 20 33.846 | 48 | 20 | 55 | 39 36.050 | 39 | 17 | 33 | 21 
31.515 | 48 | 27 | 39 | 22 33.868 | 39 | 19 | 33 | 20 36. 061 51 | 27 | 42 | 22 
31.544 | 39 | 17 | 33 | 24 33.882 | 48 | 30 | 36 | 17 36.096 | 45 | 17 | 30 | 22 
31.571 51 | 30 | 39 | 21 33.939 | 48 | 27 | 42 | 22 36.111 55 | 27 | 39 | 22 
31.612 | 51 | 22 | 45 | 33 33.951 55 | 18 | 30 | 27 36.172 | 42 | 22 | 36 | 19 
31.722 | 51 | 33 | 39 | 19 33.971 42 | 17 | 33 | 24 36.184 | 55 | 19 | 45 | 36 
31.746 | 60 | 21 | 30 | 27 34.000 | 51 | 30 | 48 24 36.364 | 48 | 27 | 45 | 22 
31.765 | 45 | 30 | 36 | 17 34.048 | 55 | 30 | 39 | 21 36.397 | 45 | 17 | 33 | 24 
31.818 | 45 | 27 | 42 | 22 34.091 55 | 22 | 45 | 33 36.429 | 51 | 30 | 45 | 21 
31.842 | 55 | 30 | 33 | 19 34.125 | 42 | 24 | 39 | 20 36.474 | 42 | 19 | 33 | 20 
31.875 | 51 | 30 | 45 | 24 34.163 | 51 | 19 | 42 | 33 36.491 48 | 27 | 39 | 19 
31.909 | 39 | 22 | 36 | 20 34.211 45 | 27 | 39 | 19 36.562 | 45 | 24 | 39 | 20 
31.930 | 42 | 27 | 39 | 19 34.249 | 51 | 21 | 55 | 39 36.603 | 51 | 19 | 45 | 33 
32.000 | 48 | 21 | 42 | 30 34.286 | 48 | 24 | 36 | 21 36.667 | 55 | 27 | 36 | 20 
32.011 55 | 27 | 33 | 21 34.375 | 55 | 30 | 45 | 24 36.706 | 48 | 30 | 39 | 17 
32.083 | 42 | 18 | 33 94 34.412 | 45 | 30 | 39 | 17 36.818 | 45 | 22 | 36 | 20 
32.118 | 42 | 30 | 39 | 17 34.450 | 48 | 19 | 30 | 22 36.842 | 55 | 19 | 42 | 33 
32.143 | 45 | 24 | 36 | 21 34.510 | 48 | 17 | 33 | 27 36.908 | 51 | 24 | 33 | 19 
32.164 | 55 | 19 | 30 | 27 34.531 51 | 24 | 39 | 24 36.923 | 51 | 17 | 48 | 39 
32.211 51 | 30 | 36 | 19 34.615 | 51 17 | 45 | 39 36.947 | 39 | 20 | 36 | 19 
32.231 60 | 22 | 39 | 33 34.630 | 51 | 18 | 33 | 27 36.975 | 55 | 17 | 48 | 42 
32.256 | 39 | 19 | 33 | 21 34.667 | 48 | 27 | 39 | 20 37.037 | 60 | 18 | 30 | 27 
32.297 | 45 | 19 | 30 | 22 34.711 60 | 22 | 42 | 33 37.059 | 45 | 30 | 42 | 17 
32.308 | 51 | 17 | 42 | 39 34.737 | 48 | 19 | 33 | 24 37.091 51 | 22 | 48 | 30 
32.353 | 45 | 17 | 33 | 27 34.773 | 51 | 30 | 45 | 22 37.143 | 48 | 24 | 39 | 21 
32.381 δ]. | 27 | 36: | 21 34.821 45 | 24 | 39 | 21 37.187 | 51 | 24 | 42 | 24 
32.465 | 51 | 30 | 42 | 22 34.842 | 55 | 17 | 42 | 39 37.218 | 45 | 21 | 33 | 19 
32.500 | 48 | 24 | 39 | 24 34.872 | 5Ι '18 | 48 30 37.227 | 42 | 22 | 39 | 20 
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TABLE OF LEADS (37.240 to 46.324) 



























































Lead of Lead of | Lead of 
Spiral A|B|C|D Spiral A В | G | D Spiral A 
in Inches in Inches in Inches 

37.240 | 55 | 24 | 39 | 24 40.000 | 51 | 27 | 36 | 17 43.105 | 42 | 20 | 39 | 19 
37.321 60 | 19 | 39 | 33 40.071 51 | 21 | 33 | 20 43.137 | 55 | 27 | 36 | 17 
37.346 | 55 | 18 | 33 | 27 40.104 | 55 | 24 | 42 | 24 43.175 | 51 | 27 | 48 | 21 
37.403 | 48 | 22 | 36 | 21 40.147 | 42 | 24 | 39 | 17 43.214 | 55 | 21 | 33 | 20 
37.500 | 55 | 24 | 36 | 22 40.191 60 | 19 | 42 | 33 43.308 | 48 | 21 | 36 | 19 
37.540 | 39 | 17 | 36 | 22 40.263 51 24 | 36 | 19 43.333 | 51 | 27 | 39 | 17 
37.579 | 51 | 30 | 42 | 19 40.428 | 42 | 22 | 36 | 17 43.421 55 | 19 | 36 | 24 
37.632 | 55 | 19 | 39 | 30 40. 441 55|17 | 45 | 36 43.466 | 51 | 24 | 45 | 22 
37.647 | 48|27 | 36 | 17 40.476 | 51 | 27 | 45 | 21 43.618 | 51 | 24 | 39 | 19 
37.670 | 51 | 24 | 39 | 22 40.519 | 48 | 22 | 39 | 21 43.636 | 48 | 22 | 42 | 21 
37 714 | 48 | 21 | 33 | 20 40.568 | 51 | 24 | 42 | 22 43.651 55 | 21 | 45 | 27 
37.745 55 | 17 | 42 36 40.602 45 | 21 | 36 | 19 43.676 45 | 17 | 88 | 20 
37.778 | 51 | 27 | 48 | 24 40.625 | 60 | 24 | 39 | 24 43.714 | 51 | 21 | 36 | 20 
37.812 55 | 24 | 33 | 20 40.741 55 | 27 | 42 | 21 43.750 60 | 24 | 42 | 24 
37.831 55 | 27 | 39 | 21 40.765 | 42 | 17 | 33 | 20 43.797 | 42 | 22 | 39 | 17 
37.853 | 39 | 17 | 33 | 20 40.784 | 48 | 27 | 39 | 17 43.923 | 51 | 22 | 36 | 19 
37.895 | 48 | 30 | 45 | 19 40.800 | 51 | 20 | 48 | 30 43.985 | 45 | 21 | 39 | 19 
37.917 | 42 | 24 | 39 | 18 40.909 | 60 | 20 | 30 | 22 44.000 | 48 | 18 | 33 | 20 
37.987 | 45 | 22 | 39 | 21 40.926 | 51 | 27 | 39 | 18 44.074 | 51 | 27 | 42 | 18 
38.182 | 48 | 24 | 42 | 22 41.053 | 48 | 24 | 39 | 19 44.118 | 60 | 17 | 30 | 24 
38.194 |55 | 27 | 45 | 24 41.143 | 48 | 21 | 36 | 20 44.136 | 55 | 18 | 39 | 27 
38.235 | 45 | 27 | 39 | 17 41.176 | 45 | 27 | 42 | 17 44.211 48 | 24 | 42 | 19 
38.250 | 51 | 24 | 36 | 20 41.212 | 51 | 27 | 48 | 22 44.289 | 51 | 20 | 33 | 19 
38.487 | 45 | 24 | 39 | 19 41.250 | 55 | 24 | 36 | 20 44.318 | 60 | 24 | 39 | 22 
38.500 | 55 | 20 | 42 | 30 41.270 | 60 | 21 | 39 | 27 44.370 | 48 | 17 | 33 | 21 
38.519 | 48 | 27 | 39 | 18 41.294 | 39 | 17 | 36 | 20 44.444 | 48 | 27 | 45 | 18 
38.571 45 | 21 | 36 | 20 41.340 | 48 | 22 | 36 | 19 44.471 42 | 20 | 36 | 17 
38.596 | 55 | 27 | 36 | 19 41.364 | 42 | 22 | 39 | 18 44.485 | 55 | 17 | 33 | 24 
38.636 | 51 | 27 | 45 | 22 41.437 | 51 | 24 | 39 | 20 44.524 | 51 | 18 | 33 | 21 
38.756 | 45 | 22 | 36 | 19 41.481 48 | 27 | 42 | 18 44.571 48 | 21 | 39 | 20 
38.772 | 51 | 27 | 39 | 19 41.597 | 45 | 17 | 33 | 21 44.625 | 51 | 24 | 42 | 20 
38.824 | 48 | 17 | 33 | 24 41.667 | 55 | 27 | 45 | 22 44.687 | 55 | 24 | 39 | 20 
38.857 | 51 | 30 | 48 | 21 41.684 | 48 | 19 | 33 | 20 44.737 | 51 | 27 | 45 | 19 
38.889 | 60 | 24 | 42 | 27 41.711 60 | 17 | 39 | 33 44.785 | 48 | 22 | 89 | 19 
38.958 | 51 | 18 | 33 | 24 41.727 | 51 | 22 | 36 | 20 44.920 | 60 | 17 | 42 | 33 
39.000 | 51 | 30 | 39 | 17 41.754 | 51 | 27 | 42 | 19 45.000 | 55 | 22 | 36 | 20 
39.043 | 51 | 19 | 48 | 33 41.786 | 45 | 21 | 39 | 20 45.029 | 55 | 19 | 42 | 27 
39.079 | 45 | 20 | 33 | 19 41.813 | 55 | 27 | 39 | 19 45.205 | 51 | 22 | 39 | 20 
39.187 | 42 22 | 39 19 41.905 | 48 | 18 | 33 | 21 45.215 | 45 | 22 | 42 | 19 
39.216 | 60 | 17 | 30 | 27 41.986 | 45 | 22 | 39 | 19 45.294 | 55 | 17 | 42 | 30 
39.273 | 48 | 22 | 36 | 20 42.000 | 48 | 24 | 42 | 20 45.333 | 51 | 27 | 48 | 20 
39.286 | 55 | 22 | 33 | 21 42.014 | 55 | 18 | 33 | 24 45.378 | 45 | 21 | 36 | 17 
39.298 | 48 | 27 | 42 | 19 42.059 | 55 | 17 | 39 | 30 45.455 | 60 | 22 | 45 | 27 
39.328 | 39 | 17 | 36 | 21 42.105 | 48 | 27 | 45 | 19 45.474 | 48 | 20 | 36 | 19 
39.375 | 45 | 24 | 42 | 20 42.180 | 51 | 21 | 33 | 19 45.489 | 55 | 21 | 33 | 19 
39.394 | 60 | 22 | 39 | 27 42.308 | 55 | 17 | 51 | 39 45.500 | 42 | 20 | 39 | 18 
39.464 | 51 | 24 | 39 | 21 42.353 | 48 | 30 | 45 | 17 45.536 | 51 | 24 | 45 | 21 
39.474 | 55 | 19 | 45 | 33 42.424 | 60 | 22 | 42 | 27 45.614 | 60 | 19 | 39 | 27 
39.529 | 48 | 30 | 42 | 17 42.500 | 51 | 27 | 45 | 20 45.714 | 48 | 21 | 36 | 18 
39.542 | 55 | 17 | 33 27 42.545 | 48 | 22 | 39 | 20 45.818 | 48 | 22 | 42 | 20 
39.667 | 51 | 27 | 42 | 20 42.560 | 55 | 24 | 39 | 21 45.833 | 55 | 24 | 48 | 24 
39.699 | 48 | 21 | 33 | 19 42.632 | 45 | 20 | 36 | 19 45.882 | 48 | 24 | 39 | 17 
39.722 | 55 27 | 39 | 20 42.778 | 55 | 27 | 42 | 20 45.975 | 45 | 17 | 33 | 19 
39.740 | 51 | 22 | 36 | 21 42.910 | 42 | 17 | 33 | 19 46.015 | 51 | 21 | 36 | 19 
39.789 | 42 | 20 | 36 | 19 42.947 | 51 | 19 | 48 | 30 46.042 |51 24 | 39 | 18 
39.803 | 55 | 24 | 33 | 19 42.969 | 55 | 24 | 45 | 24 46.184 | 45 | 20 | 39 | 19 
39.819 | 55 | 17 | 48 | 39 43.015 | 45 | 24 | 39 | 17 46.203 | 48 | 22 | 36 | 17 
39.845 | 39 | 17 | 33 | 19 43.052 | 51 | 22 | 39 | 21 46.316 | 48 | 18 | 33 | 19 
39.886 | 45 | 22 | 39 | 20 43.062 | 60 | 19 | 30 | 22 46.324 | 45 | 24 | 42 | 17 


























TABLE OF LEADS, STANDARD DRIVING MECHANISM 

















TABLE OF LEADS (46.364 to 60.662 
Lead of | Lead of Lead of 
Spiral A|B|C|D Spiral Ἁ TBA Gi D Spiral A IBIG D 
in Inches in Inches in Inches 

















46.364 | 51 | 24 | 48 | 22 50.155 | 45 | 19 | 36 | 17 | 54.643 | 51 | 21 | 45 | 20 
46.429 | 60 | 24 | 39 | 21 50.227 | 51 | 22 | 39 | 18 54.678 | 55 | 19 | 51 | 27 
46.561 | 55 | 21 | 48 | 27 50.329 | 51 | 24 | 45 | 19 54.737 | 48 | 19 | 39 | 18 
46.588 | 48 | 17 | 33 | 20 50.370 | 51 | 27 | 48 | 18 54.902 | 60 | 17 | 42 | 27 
46.667 | 51 | 27 | 42 | 17 50.417 | 55 | 18 | 33 | 20 55.000 | 55 | 24 | 48 20 
46.732 | 55 | 27 | 39 | 17 50.526 | 48 | 21 | 42 | 19 55.059 | 48 | 20 | 39 | 17 
46 753 | 48 | 21 | 45 | 22 50.649 | 60 | 22 | 39 | 21 55.250 | 51 | 20 | 39 | 18 
46.811 | 42 | 17 | 36 | 19 50.712 | 42 | 19 | 39 | 17 55.263 | 55 | 22 | 42 | 19 
46.875 | 60 | 24 | 45 | 24 50.794 | 60 | 21 | 48 | 27 55.462 | 55 | 21 | 36 | 17 
46.925 | 45 | 22 | 39 | 17 50.824 | 48 | 20 | 36 | 17 55.556 | 60 | 18 | 45 | 27 
46.974 | 51 | 24 | 42 | 19 50.840 | 55 | 17 | 33 | 21 55.588 | 45 | 20 | 42 | 17 
47.039 | 55 | 24 | 39 | 19 50.909 | 48 | 22 | 42 | 18 55.636 | 51 | 22 | 48 | 20 
47.059 | 48 | 27 | 45 | 17 50.926 | 55 | 18 | 45 | 27 55.655 | 55 | 24 | 51 | 21 
47.143 | 55 | 21 | 36 | 20 50.980 | 60 | 17 | 39 | 27 55.714 | 60 | 21 | 39 | 20 
47.222 | 51 | 27 | 45 | 18 51.000 | 51 | 24 | 48 | 20 55.981 | 00 | 22 | 39 | 19 
47.273 | 48 | 22 | 39 | 18 51.071 | 55 | 21 | 39 | 20 56.000 | 48 | 20 | 42 | 18 
47.357 | 51 | 21 | 39 | 20 51.136 | 60 | 22 | 45 | 24 56.140 | 60 | 19 | 48 | 27 
47.531 | 55 | 18 | 42 | 27 51.244 | 51 | 19 | 42 | 22 56.192 | 55 | 17 | 33 | 19 
47.584 | 51 | 22 | 39 | 19 51.316 | 55 | 22 | 39 | 19 56.250 | 55 | 22 | 45 | 20 
47.619 | 60 | 21 | 45 | 27 51.429 | 48 | 21 | 45 | 20 56.368 | 51 20 | 42 | 19 
47.647 | 45 | 20 | 36 | 17 51.462 | 55 | 19 | 48 | 27 56.447 | 55 | 20 | 39 | 19 
47.719 | 51 | 27 | 48 | 19 51.562 | 55 | 24 | 45 | 20 56.471 | 48 | 21 | 42 | 17 
47.763 | 55 | 20 | 33 | 19 51.618 | 45 | 20 | 39 | 17 56.618 | 55 | 24 | 42 | 17 
47.812 | 51 | 24 | 45 | 20 51.675 | 48 | 22 | 45 | 19 56.667 | 51 24 | 48 | 18 
47.895 | 42 | 19 | 39 | 18 51.852 | 60 | 18 | 42 | 27 56.746 | 55 | 21 | 39 | 18 
48.000 | 48 | 21 | 42 | 20 51.944 | 55 | 20 | 51 | 27 56.842 | 51 | 19 | 36 | 17 
48.016 | 55 | 18 | 33 | 21 52.000 | 48 | 20 | 39 | 18 57.143 | 55 | 22 | 48 | 21 
48.125 | 55 | 24 | 42 | 20 52.105 | 55 | 20 | 36 | 19 57.273 | 60 | 22 | 42 | 20 
48.148 | 60 | 18 | 39 | 27 52.159 | 51 | 22 | 45 | 20 57.292 | 55 | 24 | 45 | 18 
48.176 | 42 | 20 | 39 | 17 52.342 | 51 | 20 | 39 19 57.353 | δῦ | 22 | 39 | 17 
48.230 | 48 | 22 | 42 | 19 52.381 | 55 | 24 | 48 | 21 57.519 | 51 | 21 | 45 | 19 
48.246 | 55 | 19 | 45 | 27 52.437 | 48 | 21 | 39 | 17 57.716 | 55 | 18 | 51 | 27 
48.316 | 51 | 20 | 36 | 19 52.500 | 55 | 22 | 42 | 20 57.754 | 48 | 22 | 45 | 17 
48.403 | 48 | 21 | 36 | 17 52.574 | 55 | 24 | 39 | 17 57.895 | 55 | 24 | 48 | 19 
48.485 | 60 | 22 | 48 | 27 52.632 | 60 | 19 | 45 | 27 57.957 | 48 | 19 | 39 | 17 
48.529 | 55 | 24 | 36 | 17 52.941 | 48 | 24 | 45 | 17 58 158 | 51 | 19 | 39 | 18 
48.571 | 51 | 24 | 48 | 21 52.987 | 51 | 22 | 48 | 21 58.235 | 55 | 20 | 36 | 17 
48.698 | 55 | 24 | 51 | 24 53.053 | 48 | 20 | 42 | 19 58.286 | 51 | 21 | 48 | 20 
48.750 | 55 | 22 | 39 | 20 53.070 | 55 | 18 | 33 | 19 58.333 | 55 | 22 | 42 | 18 
48.889 | 55 | 20 | 48 | 27 53.125 | 55 | 24 | 51 | 22 58.437 | 55 | 24 | 51 | 20 
49.040 | 48 | 17 | 33 | 19 53.182 | 60 | 22 | 39 | 20 58.500 | 51 | 20 | 39 | 17 
49.091 | 51 | 22 | 36 | 17 53.333 | 51 | 27 | 48 | 17 58.514 | 45 | 19 | 42 | 17 
49.107 | 55 | 24 | 45 | 21 53.382 | 55 | 17 | 33 | 20 58.565 | 51 22 | 48 | 19 
49.123 | 60 | 19 | 42 | 27 53.472 | 55 | 24 | 42 | 18 58.647 | 60 | 21 | 39 | 19 
49.160 | 45 | 21 | 39 | 17 53.498 | 48 | 19 | 36 | 17 58.824 | 60 | 17 | 45 | 27 
49.211 | 55 | 19 | 51 | 30 53.529 | 42 | 18 | 39 | 17 58.929 | 55 | 21 | 45 | 20 
49.263 | 48 | 20 | 39 | 19 53.571 | 55 | 22 | 45 | 21 58.947 | 48 | 19 | 42 | 18 
49.412 | 60 | 17 | 42 | 30 53.684 | 51 | 24 | 48 | 19 59.091 | 60 | 22 | 39 | 18 
49.471 | 55 | 21 | 51 | 27 53.759 | 55 | 21 | 39 | 19 59.211 | 55 | 22 | 45 | 19 
49.500 | 51 | 17 | 33 | 20 53.904 | 48 | 22 | 42 | 17 59.259 | 60 | 18 | 48 | 27 
49.524 | 48 | 21 | 39 | 18 53.922 | 55 | 17 | 45 | 27 59.294 | 48 | 20 | 42 | 17 
49.583 | 51 | 24 | 42 | 18 54.000 | 51 | 20 | 36 | 17 59.500 | 51 | 20 | 42 | 18 
49.624 | 55 | 21 | 36 | 19 54.091 | 51 | 22 | 42 | 18 59.583 | 55 | 20 | 39 | 18 
49.653 | 55 | 24 | 39 | 18 54.135 | 48 | 21 | 45 | 19 60.000 | 60 | 21 | 42 | 20 
49.675 | 51 | 22 | 45 | 21 54.167 | 55 | 22 | 39 | 18 60.084 | 55 | 21 | 39 | 17 
49.737 | 45 | 20 | 42 | 19 54.276 | 55 | 19 | 45 | 24 60.287 | 60 | 19 | 42 | 22 
49.850 | 51 | 21 | 39 | 19 54.321 | 55 | 18 | 48 | 27 60.395 | 51 | 20 | 45 | 19 
50.000 | 55 | 24 | 48 | 22 54.334 | 45 | 19 | 39 | 17 60.504 | 48 | 21 | 45 | 17 
50.053 | 48 | 22 | 39 | 17 54.545 | 60 | 22 | 48 | 24 60.662 | 55 | 17 | 45 | 24 
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TABLE OF LEADS (60.714 to 107.843) 

































































Lead of Lead of Lead of 

Spiral | A | B | G | D Spiral | A| B| @ | D Spiral A μ 18 1 Ὁ. р 
in Inches in Inches in Inches 

60.714 | 55 | 22 | 51 | 21 66.873 | 48 | 19 | 45 | 17 76.471 60 | 18 | 39 | 17 
60.789 | 55 | 20 | 42 | 19 67.105 55 | 22 | 51 | 19 76.625 | 55 | 19 | 45 | 17 
61.111 55 | 21 | 42 | 18 67 380 | 60 | 17 | 42 | 22 76.692 | 00 | 19 | 51 | 21 
61.176 | 48 18 39 | 17 67.500 | 51 | 20 | 45 | 17 77.005 | 60 | 17 | 48 | 22 
61.300 | 55 | 19 | 36 | 17 67.554 | 55 | 19 | 42 | 18 77.193 | 55 | 19 | 48 | 18 
61.364 51 | 22 | 45 | 17 67.669 | 60 | 19 | 45 | 21 77.273 | 60 | 18 | 51 | 22 
61.513 | 55 | 19 | 51 | 24 67.941 55 | 20 | 42 | 17 77.647 | 55 | 20 | 48 | 17 
61 579 | 60 | 20 | 39 | 19 68.000 | 51 | 20 | 48 | 18 77.917 | 55 | 20 | 51 | 18 
61.765 | 55 | 22 | 42 | 17 || 68.182 | 60 | 18 | 45 | 22 78.019 | 60 | 19 | 42 | 17 
61.818 | 51 | 22 | 48 | 18 68 421 60 | 19 | 39 | 18 78.571 55 | 21 | 51 | 17 
61.905 | 60 | 21 | 39 | 18 68.571 60 | 20 | 48 | 21 78.947 | 60 | 18 | 45 | 19 
62.030 | 55 | 21 | 45 | 19 68.750 | 55 | 20 | 45 | 18 79.412 | 60 | 17 | 45 | 20 
62.338 | 60 | 21 | 48 | 22 68.824 | 60 | 20 | 39 | 17 80.000 | 51 | 18 | 48 | 17 
02415 | 48 | 19 | 42 | 17 68.900 | 60 | 19 | 48 | 22 80.526 | 60 | 19 | 51 | 20 
62 500 | 55 | 22 | 45 | 18 69.328 | 55 | 21 | 45 | 17 80.672 | 60 | 17 | 48 | 21 
62 567 | 60 | 22|39 | 17 69.474 | 55 | 20 | 48 | 19 80.882 | 55 | 18 | 45 | 17 
62.632 | 51 | 19 | 42 | 18 69.545 | 60 | 20 | 51 | 22 80.952 | 60 | 18 | 51 | 21 
62 719 | 55 | 19 | 39 | 18 69.841 55 | 21 | 48 | 18 81.734 | 55 | 19 | 48 | 17 
62 745 | 60 | 17 | 48 | 27 70.000 | 60 | 20 | 42 | 18 81.818 | 60 | 17 | 51 | 22 
62.857 | 55 | 21 | 48 | 20 70.098 | 55 | 18 | 39 | 17 82.018 | 55 | 19 | 51 | 18 
62.963 | 60 | 18 | 51 | 27 70. 301 55 | 91 | 51 | 19 82.353 | 60 | 18 | 42 17 
63.000 | 51 | 20 | 42 | 17 70.588 | 55 | 22 | 48 | 17 82.500 | 55 | 20 | 51 | 17 
63 088 | 55 | 20 | 39 | 17 70.833 | 55 | 22 | 51 | 18 82.707 | 60 | 19 | 55 | 21 
63 158 | 55 | 22 | 48 | 19 71.053 | 60 | 19 | 45 | 20 83.333 | 60 | 18 | 55 | 22 
63.529 | 48 | 20 | 45 | 17 71.429 | 60 | 18 | 45 | οἱ 83.591 60 | 19 | 45 | 17 
63 636 | 60 | 18 | 42 | 22 | 71.517 | 55 | 19 | 42 | 17 84.211 60 | 18 | 48 | 19 
63.750 | 55 | 22 | 51 | 20 || 71 579 51 | 19 | 48 18 84.706 | 60 | 17 | 48 | 20 
64 167 | 55 | 18 | 42 | 20 72.000 51 | 20 | 48 | 17 85.000 | 60 | 18 | δι | 20 
64.286 | 60 | 21 | 45 | 20 72.180 | 60 | 19 | 48 | οἱ 85.714 | 60 | 17 | 51 | 21 
64 421 51 | 20 | 48 | 19 72.368 | 55 | 19 | 45 | 18 86.275 | 55 | 18 | 48 | 17 
64 593 | 60 | 19 | 45 | 22 72.446 | 60 | 19 | 39 | 17 86.842 | 55 | 19 | 51 | 17 
64 706 | 55 | 21 | 42 | 17 72.727 | 60 | 18 | 48 | 22 87.302 | 60 | 18 | 55 | 21 
64 762 | 51 | 21 | 48 | 18 72.794 | 55 | 20 | 45 17 88.235 | 60 | 18 | 45 | 17 
64 931 55 | 18 | 51 | 24 72.857 | 60 | 20 | 51 | 21 89.164 | 60 | 17 | 48 | 19 
65 000 | 60 | 20 | 39 | 18 73.206 | 60 | 19 | 51 | 22 89.474 | 60 | 18 | 51 | 19 
65.132 | 55 | 20 | 45 | 19 73.333 | 55 | 20 | 48 | 18 90.000 | 60 | 17 | 51 | 20 
65.455 | 60 | 20 | 48 | 22 73.684 | 60 | 19 | 42 | 18 91.667 | 60 | 18 | 55 | 20 
65.476 | 55 | 21 | 45 | 18 73.816 | 55 | 20 | 51 | 19 92.437 | 60 | 17 | 55 | 21 
65.546 | 60 | 21 | 39 | 17 73.950 | 55 | 21 | 48 | 17 94.118 | 60 | 18 | 48 17 
65.882 | 48 | 18 | 42 | 17 74.118 | 60 | 20 | 42 | 17 94.737 | 60 | 17 | 51 | 19 
66.165 | 55 | 21 | 48 | 19 74.206 | 55 | 21 | 51 | 18 96.491 60 | 18 | 55 | 19 
66 234 | 60 | 21 | 51 | 22 75 000 | 55 | 22 | 51 | 17 97.059 | 60 17 | 55 | 20 
66.316 | 60 | 20 | 42 | 19 75.490 | 55 | 18 | 42 | 17 100.000 | 60 | 17 | 51 | 18 
66 409 | 55 | 19 | 39 | 17 75.630 | 60 | 17 | 45 | 21 102.167 | 60 | 17 | 55 | 19 
66 667 | 60 | 21 | 42 | 18 75.789 | 51 | 19 | 48 | 17 107.843 | 60 | 17 | 55 | 18 
66 786 | 55 | 21 | 51 | 20 76.190 | 60 | 18 | 48 | 21 

















[116 |= 














ef 


NOTES 








NOTES 


fo 














[117] 


Publication No. M-875-6 








———— .— _ — mm = A 



































EE HIS VAT ОР 1С? /{ογ|/έβεϑ{96|ϑ{γε[{ζσε! 08|] Рс) сс] or| or| εΠπτηπδι 8 |219 | (ИЕ Ип | Gh | 1G | IG | SP ет 

Yes| Hor] Mor Hey 2 {τῬ|6{66 01215 AGS] 6012008] 8212182|21с5191611%91иецит оиз бо | e Jte ит | 08 |77 eg | SP |eg'er 

6р) c», 0Р|Ж/6ЖСЕ eel Tese qz) 00% ОТ etrr Mors 9 [Xç бє “I | 68 | дс | OI | 98 с?т 

Ж ФР ZP ЛОР seltse tee oe res] 061) T6 M [644 ze 171 |08 | 77 68 | 98 |00:σΙ 

ЄР ЛИТР θε[σίθει Τε/τεισ{(βσ|νίοσι zz 81 Mest ИЕТ 7411/2916 @, |o 3g |1 | 66 | PG | BL | 96 [99711 

Vern cr Aor] Se|tee?tce|?foc|?(9c| ec 261] 91|ЖЄТЖ%П or 8| 9| τι | | ^" 68 | 08 |II'II 

£P ЖОР|И86 7660] ee| 00179000 05091] РЦ ©1Й01И8| οἱ v | CG|69 | | 24a |8Р ]Ρ6ῸΙ 

N Xer 6621962006200] pe Mozor rors ⁄9 | τι σ]ο σσ | 2a |96 |49'0I 

m Avv С?|@16&| 96 γε] Te|"é2c|7tve|?10c | MO APT 41 2401248 [I9 Pte | с [0с |77 ch | Ic |0Ω͂ῸΙ 

Z Vern Merse ALe Ptve Tel] 8с 706) L1 Merl) zI ors |219 {| c | 98 | | Le |z [28 01 

T Ср y| op Le Arel rese с) IZ⁄I STI works 949 r] |9 |61 |06 | 69 ἰ6ζ ΟΙ 
Q со 216211980166] 08349234737481) 9111006 | 2 (Р |с | 68 | Lo | vC |ee 096 
$ et Morel #62409) 22! ЄС ИВ A191 #711146 [И | |с | 98 | PG | O8 | cb lege 
^ РР Mp Ase Hoel ΤΕΙ ασ Р 61] йй) 0114 | S |16 | Oe | PG | £9 | SP |568 
O ЛЕР |2109) ¿e|]6(ge|%6z%í(o¿ Aog Asr sr erzo 8 e @ | 08 |77 6e | 0g |ee'g 
Z 912466] 9g| ZELE Ptee| Mol ¿11 ST1|⁄8 |PéG Yéc | 19 | OT | 2 | 9 |29 
= kep Morge ?ce Se seal oz LI ZI] 6| οἱ &|]6 | LT |08 | IO ΠΡ, 
d στι τι zel ee?19c|^ec|?10c, 81 sSI⁄21⁄6 1⁄9 | е | Sb | IZ | 26 | Sh [662 
= ет бє сє oe Mez gz /61|%(91 ser 0129 «e | Gp | 98 |06 |29°9 
n Mrr or oes sz] ezi Oc Z91%(SI[⁄01 eo |Me |Sp | 06 |46 | Sb 49 
m әвіпшлој ə|gu% рив puə| бт |7726 |16679) 760170081210 2 € | Sh | GL | vc | 56 29 
2 10} ος рив үс sosvd vag zb Le] 66! Lz Mr B Yall a П i zke | ep |06 | TE | 76 [6179 
А в "m hy Shes ТР 98) 0879246) Oc С 8| | |6 |66 | ee pr's 
E Т сн να... par EUM very шк bios Aze ez oe Scorers | p Ge | at | ze | lee 'g 
Rid ‘rayourvip F ШШ peds ^ mə ol, Ae τα | "elus Аш беј ες 2166 90 ç ŽELI ИЕТ 6 r δὲ 06 98 t» [SP 
ΠῚ! saagi ago Jo ἐπα E леона) SUY риш тт то оаза IF Se|%I8 76261766 461 PCVT xd ЮР |16 | IG | 98 | 6g |9Ρ 
- oy} uoqA sivas әдиецә 1odoud um bs бш: 9 qus os Уер 222180160 ZS iO PCT ОТ ИС | TG 8T 56 66 AY 
= Kp[ormb 10] eouerueAuoo [eroods 10 m so oso : бесе 116998 σι 0011916 | GV 12 96 oe 686 
5 } 19 чї, 5409129812466) Sc| есл οἱ ον | 6I | ge | 46 |0¿ 8 
| ἩΠΗΝΙ, SNIHOVAN ONITIUA ONLLLHS WOA Ρον 9E (Ie 7660761061769 | Sp | OT | EE | JC c't 
= $ЯЯЧОЯП NI ЯЛОМУ HLVINIXOYIddV Mer 68|_ #608718) СТИЛ | Sb | OF | GP | IG 66% 
> 2 d 1⁄p 205 seez) 12081) 8|8Р | os |e | ο |82 

O 


s d BI M S ΕΝ ΠΗ (Mew sej gej eo лив Sp | OZ | Sb | 2% [ας 





‘ul 1 



















































































эш xs JE: | | ‘uy | “Uy | “uy | сар uy | uy | uy | uy | uy | uy | uy | up | "up roar fuoatg | sang [иол |Seyouy 
gel e 154 APAR elage Xe! Ὁ IIIA KI L | % | ⁄ | %⁄4 | % | % | {| %⁄ rdg 
HUOM ЯО UALANVIA «ү Ө om rm 
у = = 
i == = — 
STVUIdS ONLLLOO YOA SAVAT HSI' TONS Pu? ST TIONV &LVINIXO?IddV ‘SAVAD ΠΌΝΥΗΌ HO TISV.L 

















© 
















































































== ОЦ 6 s |212 |79 |79 |79 [215 | с |219 ИР |6 ει 8e 94e | τει 241 MM | rye pe pg 8I [99 | AI | 09 ]|08' Z0I 
Xoe | 6| 8 (л |}{9 |719 |76 [215 | с £ | p 18 [Me [Ke ис MI IMI SI Ии || τς и 198: | T€ | 1 |09 1007001 
Fee ol] 6 | 8|@,| ¿ (219 | 9|919 | 9 MP | pae] e % | б #1 SIMI) τν @ |И jos | IG | ZI | 09 [00°06 
211112100216 (218 | 8 (ML |%9 |09 |%ç ИЧ (ИР (ИР [Mee [Me [es σι IMT IAL | т |9t И | 0% | IS | вт | 09 |00`°8 
MeyMel| 10 6 |218 |24 AL |769 |79 T ᾳ 4v | νε 1066 z] стти |6 И | |21 |8Р |ST | IS |0008 
ΤΙ 1711170116 | 6 {8 |2 AL |349 | 9 919 Fév | 91e | e 91e | ec Per MI AL | τί Jt | Zt |с | сс | 99 |0062 
> | euer rj oe és | 8 |32 |29 179 949 | οἰ» ει e 94e ис | ст | τὸ И [л is |Oc | I$ joo 
2 GIET 6191110001216 | o |8 || A [249 |76 ИС Ip ЖЄ Me |216 |16) επ И | тЖ | |81 |z | 06 |09 |0004 
Z || 491 теи 1701216 | 6 8 |%¿L | 4 |9 919 Yer Ир 218 3g |215) g μι πι T Pe и |і |68 |06 |09 ἰ|00΄99 
X | osr pizi ror ore @8 |72 i 249 οι ο ир e |% |e ис мі SI | т И | LU |z |0 | το |00:890 
5 LI Oller Mellel] Ττ!Μοτ|246 | 6 [78 94L |79 | 9 |718 ИР Pee | e |94c [es | ст DAI | И [06 | σ |16 |09 |0009 
m 001280 тец] σι|{ττ|ϑίο!|546 |%8 ⁄¿ | L| 9 Je “ít % | e Pec Ис Pel И 1⁄2 |9 |06 | Ф | IG | 8 |er IG 
> | 21157611 8121918170701] er| ТИИТ И6 бв |214 |219 |218 ЖР ze [He | e 270 | [п | тй |06 |z |16 |8Р |[00°8Р 
Ὁ 700] 166% ТТ ΣΕΡΙ %61|% 61% ΙΙ! Ol 6| 8| 2| 9| $ | ΤΙ!) εἰθίο| йт тй | 0% | 98 | 2 |86 00% 
z | Za Т] 6I. AI. OT] «Ἱ HI) 2171170176 48 |%¿ 649 349 ИР | v Pe Z ¿ZV ти |06 |98 | IG | Bh [FI IF 
= | % сс бесте MeT SI L1) ӘР) ΤΙ! OI 8 94, 1⁄9 | S иу 766 Me 045 | Ὁ И |21 |9e [08 |19 00598 
σ Te|7é8e 9X9c| pe 1021061061) 819190791] FMA] 0118 |2 αι с ИР % єсїї Ж |06 | св | 08 | Sh |00τ6 
c. | {πει 6σι 20) 95] σσ 15256121811 ΖΙ|5{α1|{}1] ЄТ 01198 tL οι ο + 5⁄8 : Pto |241 | | LE | с ο | 4, |8808 
a pel έτει И6С|%96| pel žege AIZ] 022481 LIEST sI ση | 8 |219 |76 |Р | p Me Мей ⁄ | YO |z 10ο | 8 |008, 
n || 7196| 71162108] szegi tesz σαι 15216] βτ|2491|}6Ρτ|}{ε1|}ἑ11] 01258 |69 | 9| ο ИР [Me |6 1611 |в | 9 |8Р |/9°90 
x || selee] 1880218 ис 116 ol ИВ Ж ОТ 910211] stlMor%s | L| 9| 9 |ИР [16 |66 Pel 1| |z | 08 | 9 Sc 9c 
£ 68) %e98| perese 261719621051 0|71061781 LMS el I1 %1 |}69 |S с τι εἰ ç | TI sr fo 9% | ср |εε ec 
= Or|?t2e| selze ezi tez ¿Zt ZZ] 1261611 žie el or 8| ¿| 9| «αἰ s| εἰ Z| т|% | 9° | Gb [00% 
@ || “Alb 88 Aeee oe] 627120198780) co P(0c 7481 249T|24 PT ZI ОТ ИВ |212 ⁄9 Ис ИР Vie | e| тр 707 96 | Sh £P I6 
= | мерите 1807661916] 6176211619196 061715) οσμές {ΕΙ II, 6| 8 79 |o tv 746 |o | T | € |6 |61 | IS [69°6ї 
(2 ῬΡΤΡ|Ρέ86]Ρ{αε]Ρέσε! Teeger ¥e8s|_ co| 05) 8912101111076 | 8 1⁄9 |55 (ИР [Ke Pto | I| ch | 98 |16 | 8» |69 01 
и || “PP ¿98/98 eere teegi Sc| 92] Ῥο|{σο|/{οζ|}{81] 9121106 | 8) ¿ S бу [e |06 | T |08 | 246 | IG | Sh |6% 6I 
A ст 066] ¿e 60] ce 7108 ?18e7€0c| sz %eze 500819 ИР 51216 |48 ⁄¿ | 9 |Pév je σι l |Z | 98 | Sb IGL'8I 
E Vén|ev9?tcr9tee  oe|vtre|Pece|Pe0e| 67/7497 verc 010617106| 11181911 eror 6 |74 |219 Xe | v 916 AL | | 68 | 98 L AT 
ai 995 [768219] Ge "m Miesz 22! 97001100 AST Peel ИЕТ ОЦ 246 že |}{9 Ис v 216 ИТ | 08 | 2G |с | Sh [8 OI 
m || 082 9) cr 2 i8e| #96 88|  Т16|%86 5967176 "elo "(01 ⁄91| ῬΙΙΤΙ66 18 | Ис | 2 Al | OG | ZG. | VG | Gh |GL'GI 
O | MOS] sp sr zt] 66 ЕСЕ МЕЕ ИТЕ 681 /6%Фб|_ σασί ив 01178 ил |6 [ИР 16 иг | с |77 9 |р |9€ CI 
x 19/348) 9b] žezel žezel zese] γε! Ж%16|®160|ИИб| ασιδίσοι 00И Me MOL Mes |И„ |564 [tv | e (т |°€ | OTI | | Sh jvc GI 
= 
m ‘ul | ‘ul pi: "uf JR: Ll xx el “Бе. xi τὶ "up | ‘Uy | "uy 5 Б “UY | anq [ueauq | зәли ολ |5δοΠοαΤ 
E Yes viet Σέσ ЖАР. yel И 9t mdg 
HUOM pa ay oo qo VUE doen 























(pepnpouo))—S'IVsIdS ONLLLOO AOA 
ΘΩΥΠΊ HSI TONS ανν 'SWTIONV SLVINIXO?IddV ‘SUVAD HONVHO AO ATAVL 














[119] 








M-875-6 


Publication No. 








CINCINNATI DIAL TYPE MILLING MACHINES 








ENGLISH LEADS AND CHANGE GEARS 
FOR MILLING SPIRAL END MILLS 


Set Machine Table to Angle of Approximately 20 Degrees 





















































Diameter of Lead in Driven Driver Driven Driver 
Mill, Inches Inches B C 
3⁄4 3.24 27 33 19 48 
16 4.32 36 33 19 48 
54 5.40 45 33 19 48 
34 6.48 42 27 20 48 
Τά 7.56 42 22 19 48 
1 8.64 42 27 20 36 
1% 9.72 45 27 21 36 
1и 10.79 36 20 27 45 
134 11.87 36 21 27 39 
1% 12.94 22 45 i 17 
134 15.11 48 22 27 39 
2 17.26 51 19 27 42 
214 19.41 33 36 " 17 
216 21.58 51 20 33 39 
234 23.73 55 17 22 30 
3 25.88 55 17 36 45 
34 28.05 51 30 33 20 
316 30.22 51 30 48 27 
334 32.38 51 27 36 21 
4 34.53 51 24 39 24 
ENGLISH LEADS AND CHANGE GEARS 
FOR MILLING SPIRAL MILLING CUTTERS 
Set Machine Table to Angle of Approximately 25 Degrees 
l 
Diameter of Lead in Driven Driver Driven Driver 
Mill, Inches Inches 
1⁄4 3.37 27 33 21 51 
5⁄4 4.22 27 24 18 48 
34 5.05 30 33 20 36 
Τά 5.89 33 36 27 42 
1 6.74 39 27 21 45 
14 8.42 48 19 17 51 
1% 10.11 42 22 27 51 
134 11.79 42 19 42 45 
2 13.47 36 21 33 42 
24 15.16 48 19 27 45 
216 16.84 48 19 30 45 
284 18.53 42 17 30 48 
3 20.20 60 27 30 33 
314 21.90 48 19 39 45 
916 23.58 48 19 42 45 
334 25.26 48 33 εν 19 
4 26.95 42 33 36 17 
44 28.63 51 19 48 45 
416 30.32 48 30 36 19 
434 32.00 48 21 42 30 
5 38.69 45 33 42 17 
514 35.37 48 30 42 19 
5% 87.06 45 30 42 17 
534 38.76 45 22 36 19 
6 40.43 42 36 17 
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TABLE OF NATURAL TANGENTS 



















































































| ef jo 
| TABLE OF TANGENTS 
| (Natural Tangents at Intervals of 14°) 
| m =) n a n us n = n = τῳ = m = 
| СИ Е ИЕ у рр 85] δ| | οι δ ἃ 
| Ф| 8 È 8 à 3 Š 8 ё 3 È 3 È 3 
| a E н EB E ΕΗ н н 
| 0° |.0000| 13° | .2309| 26° | .4877 | 39° .8098 | 52° | 1.280 | 65° | 2.145 | 78? 4.705 
| 14 | .0044 | 1314| .2355 | 2614 | .4931| 3914 | .8170| 5224 | 1.292 | 6514 | 2.169 781⁄| 4.808 
| 1$|.0087| 13,6| .2401| 2616 | .4986 | 89%) .8243| 5216 | 1.303 | 65% | 2.194 781] 4.915 
| 34 | .0131| 1334 | .2447 | 2624 | .5040| 3934 | .8317 | 5234 | 1.315 | 6524 | 2 220 7834 | 5.027 
| 1° |.0175| 14° | 2498| 27? | .5095 | 40° .8391| 53° |1.327 | 66° | 2.246 | 79° 5.145 
| 134 | .0218 | 1414 | .2540 | 2714 | .5150| 4014 | .8466| 5314 |1.339 | 661⁄| 2.273 | 794| 5.267 
| 116 | .0262| 1414| .2586 | 2744] .5206| 40&| .8541| 53,6 |1.351 | 661⁄| 2 300 | 7914| 5.396 
| 184 | .0306 | 1434 | .2633 | 2734 | .5261| 4024 | .8617| 5334 | 1.364 | 6634 | 2 328 7934 | 5.530 
| 2? |.0349| 15° | .2680| 28° | .5317| 41? .8693| 54° |1.376 | 67? | 2.356 | 80? 5.671 
| 214|.0393| 1514| .2726 | 2814 | .5373| 411⁄| .8770| 541% | 1.389 | 6714 | 2.385 | 8014| 5.820 
| 215 | .0437 | 1516 | .2773 | 2814! .5430| 4115 | .8847| 5114 1.402 | 6715 | 2.414 | 8012 | 5.976 
| 234 | .0480 | 1534 | .2820 | 2834 | .5486 | 4134 | .8925 | 5434 | 1.415 | 6734 | 2.444 | 8034 | 6.140 
| 3° |.0524| 16° | .2867| 29? | .5543| 42° .9004| 55° |1 428 | 68° | 2.475 | 81° 6.314 
| 314|.0568| 1624 | .2915 | 2914 | .5600| 4214 | .9083 | 5514|1.442 | 6814 | 2.507 | 8114 | 6.497 
| 316 | .0612 | 1616 | «2065 | 2916 | .5658 | 4215 9163 | 5516 | 1.455 | 6816 | 2.539 | 8126 | 6.691 
| 334|.0655| 1634 | .3010 | 2934 | .5716| 4234 | .9244| 553⁄|1.469 | 6834 | 2.572 | 8134 | 6.897 
| 4° |.0699 | 17° |.3057| 30° | .5774| 43° .9325| 56° |1.488 | 69° | 2.605 | 82° 7.115 
| 414 | .0743 | 174 | .3105 | 8014 | .5832| 4314 | .9407 | 5614 | 1.497 | 6914 | 2.639 | 8241 7.348 
416 | .0787 | 1714| .3153 | 30%] .5890| 4814] .9490 | 566 1.511 | 6914| 2.675 | 8244) 7.596 
434 | «08691 | 1734 | .3201 | 3034 | .5949 | 4334 | .9573 | 5634 |1 525 | 6024 | 2.711 | 8224 | 7.861 
5° |.0875| 18° | .3249 | 31? | .6009| 44° .9657 | 57° |1 540 | 70° | 2.748 | 83? 8.144 
514|.0919| 1814 | .3298 | 8114 | .6068| 4414 | .9742 | 5714 | 1.555 | 7014 | 2.785 | 834 | 8.449 
516 | .0903 | 18ν6| .3346 | 8116 | .6128| 44161 .9827 | στις | 1.570 | 7014 | 2.824 | 8316 | 8.777 
534 | .1007 | 1834 | .3395 | 3134 | .6188| 4434 | .9913 | 5734 | 1.585 | 7034 | 2.864 | 8334 | 9.131 
6° |.1051| 19° |.3443| 32? |.6249| 45° |1.000 | 58? |1 600 | 71° | 2.904 | 84? 9.514 
| . 614|.1095| 1924] .3492 | 3214 | .6310| 4514 1.009 | 5814|1.616 | 7114 | 2.946 | 8414] 9.931 
| 616 | .1139 | 191⁄| .3541 | 3216 | .6371| 4516 |1 018 | 5814|1 632 | 7116 | 2.989 | 8415 | 10.385 
| 634 | .1184 | 1934 | .3590 | 3234 | .6432| 4534 |1 027 | 583⁄|1 648 | 7134 | 8.033 | 8434 10.888 
| 7° |.1228| 20° |.3640| 33° | .6494| 46° |1 036 | 59? |1 664 | 72? | 3.078 | 85° | 11.430 
| 714 | .1272 | 2014 | .3689 | 3314 | .6556| 4614 |1 045 | 591411 681 | 7214 | 8.124 | 8514 | 12.035 
| 74% | .1317 | 2014 | .3739 | 33,6 | .6619| 4616 |1 054 | 591 11.698 | 7214 | 8.172 | 8514 | 12.706 
| 734 | .1361 | 2034 | .3789 | 3334 | .6682| 4634 |1 063 | 5934 | 1.715 | 7234 | 3.221 | 8534 | 18.457 
| 8° |.1405| 21° | .8839] 34° | .6745| 47° |1 072 | 60? |1.732 | 73? | 3.271 | 86° | 14.301 
| 814 | .1450 | 2114| .3889 | 3414| .6809 | 4734 |1 082 | 6014 |1 750 | 7314 | 3.323 | 96 | 15.257 
| 816 | .1495 | 211⁄ | .3939 | 9416| .6873| 4716 |1 091 | 6044/1 768 | 7316 | 3.376 | 8616 | 16.350 
| 834 | .1539 | 2134 | «4990 | 3434 | .6937 | 4734 |1 101 | 603⁄|1.786 | 7334 | 3.431 | 8634 | 17.610 
| 9° |.1584| 22? | .4040| 35° |.7002| 48? |1 111 | 61? |1.804 | 74? | 3.487 | 87? | 19.081 
| 914 | .1629| 2214 | .4091 | 351% | .7067 | 484 |1 120 | 6114 |1 828 | 7414 | 3.546 | 874 20.819 
| 914 | .1673 | 2214] .4142 | 351⁄| .7133| 4814 |1.130 | 6114 |1 842 | 741 | 3.606 | 8716 | 22 904 
| 934 | .1718| 2234 | .4193 | 3534 | .7199 | 4834 |1 140 | 6134 1.861 | 7434 | 3.668 | 8734 | 24.452 
10° |.1768| 23° |.4245| 36° |.7265| 49? |1.150 | 62? |1 881 | 75° | 3.732 | 88° | 28.636 
| 101⁄ | .1808 2514 | .4296 | 361⁄ | .7332| 4914 |1.161 | 6214|1 901 | 751⁄ | 3.798 | 881⁄ | 32.730 
1016 | .1853 | 2316 | .4348 | 3616 .Τ400| 4912 |1.171 | 621611 921 | 7516 | 3.867 | 8816 | 38.188 
| 1034 | .1899 | 233⁄ | .4400 | 3634 | .7467 | 4934 11.181 | 623% | 1.942 | 7534 | 3.938 | 883⁄ | 45.829 
| 11? |.1944| 24° | .4452| 37° |.7536| 50° |1.192 | 63? |1.963 | 76° | 4.011 | 89? | 57.29 
š 111⁄ | .1989 | 2414 | .4505 | 3734 | .7604 | 5014 |1 202 | 6324 |1 984 | 7614 | 4.087 | 8914| 76.39 
| 1126 | .2035 | 2416 | .4557 | 3716 | .7673 | 504 |1.213 | 6316 |2 006 | 764 | 4.165 | 8914 [114.59 
| 1134 | .2080 | 2454 | .4610| 3734 | .7743 | 5034 |1 224 | 6334 |2.028 | 7634 | 4.247 | 8934 |229.18 
| 12° |.2126| 25° |.4663| 38° | 7818| 51? |1.235 | 64? |2.050 | 77? | 4.332 | 90° 
| 124 | .2171 | 2514 | .4716 | 3814 | .7883] 511⁄ | 1.246 | 6414 2.073 | 7714 | 4.419 
| 1226 | .2217 | 2514 | .4770| 3816 | .7954| 5116 |1.257 | 6416 12.097 | 7716 | 4.511 
| 1234 | .2263| 2534 | .4823 | 3834 | .8026 | 5134 11.269 | 642412.120 | 7734 | 4.606 
| 
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CINCINNATI DIAL TYPE MILLING MACHINES 








ORDERING REPAIR PARTS 


You will receive quicker service when ordering repair parts if you will 
adhere to the following procedure: 


1. 


2. 


State amount wanted. 


Give part number and name or description of part, and where 
obtained. 


(a) Parts catalog. 
(b) Part number stamped on part. 


(c) Prior invoice. 


Give complete serial number of machine. The serial number will 
be found stamped in two places: Horizontal Machines, on the face of 
the column near the spindle, and front of the table near the right hand 
end. Vertical Machines, top of the scraped bearing for the knee and 
tront of the table near the right hand end. 


Specify each individual piece required. If only certain parts of a 
unit are required, never use the word "complete"; it always raises the 
question as to how much of the unit to supply. In some cases, due to 
the nature of the parts, it will be less costly to you for us to supply 
additional related pieces, especially if part wanted is obsolete. 


Specify how and where to ship. Do not say "Ship quickest уау”. 
Be definite and state the agency desired, that is:—Air Mail, Parcel 
Post, Special Delivery, Express, Motor Freight, Rail Freight, etc. 
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je Plates; ccc А Approach of Cutters— Tables. 2... 92-93 

Cam Milling Attachment........... 87 ere Change Fare МИ P 

UIS rtp POM, or iS RE 72 κ. 66 
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Rack Milling Attachment. . ........ 82 Braces, Overarm, and Supports.... 30 

Raising Blocks.. . . v gl Calculations 

Short and Long Lead Attachment. . 81 Angle for Setting the Milling Machine 

Spiral Milling Head. 73 Table or Spiral Milling Attachment 54 

Universal Spiral Milling Attachment. 74 Change Gears Required for a Given 
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Αάαρίετ--Οοἴει.................... 68 Indexing with the Side Plate........54-55 
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Spindle Βεατίηρ5.................. 42-43 ο sese eee 72 
Table Feed Screw Bearings. . dre "40 Circular Milling Attachment...... 84-86 
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Angle for Setting the Milling Clamping the Dividing Head 

Machine Table or Spiral Spindle in ΕΊαεε.........----.--υ- 57 

Milling Attachment—How to j Clamping the Head in Position.... 29 

Caleulatë,..... raa τ exse Oe ; i 

Cleaning the Coolant Reservoir. . 36 
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DIRECT FIELD ENGINEERING OFFICES ^ 


CINCINNATI MILLING AND GRINDING MACHINES, INC. 


CONNECTICUT, WEST HARTFORD 7 
10 North Main St. 


ILLINOIS, CHICAGO 12 
2400 West Madison St. 


MASSACHUSETTS, BOSTON 16 
724 Statler Bldg. 


MICHIGAN, DETROIT 2 
426 New Center Bldg. 


NEW YORK, BUFFALO 7 
1807 Elmwood Ave. 


NEW YORK, NEW YORK 17 | 
155 East 44th St. Р 


NEW YORK, SYRACUSE 2 
4792 South Salina St. 


OHIO, CINCINNATI 9 
4701 Marburg Ave. 


OHIO, CLEVELAND 3 
4614 Prospect Ave. 


PENNSYLVANIA, PHILADELPHIA 40 
3701 North Broad St. 


PENNSYLVANIA, PITTSBURGH 22 | 
1207 Empire Bldg. | 


SALES REPRESENTATIVES 
UNITED STATES | 


ALABAMA, BIRMINGHAM 3 
McVoy-Hausman Co., 2024 Sixth Ave., N. 


CALIFORNIA, LOS ANGELES 11 
Harron, Rickard & McCone Co. of Southern California, 
3850 Santa Fe Ave. 


CALIFORNIA, SAN FRANCISCO 10 
Harron, Rickard: & McCone Co. of Northern California, 
2070 Bryant St. 


COLORADO, DENVER 2 
Overgard Machine Tool Co., 838 Symes Bldg. 


FLORIDA, JACKSONVILLE 3 
Farquhar Machinery Co., 720-728 West Bay St. 


GEORGIA, ATLANTA 3 
Chandler Machinery Co., 120 Houston St., N. E. 


IDAHO, BOISE 
Salt Lake Hardware Co., 401 S. Eighth St., P. O. Box 1489 


INDIANA, INDIANAPOLIS 4 
Marshall & Huschart Machinery Co. of Indiana 
628 Chamber of Commerce Bldg. 


LOUISIANA, NEW ORLEANS 4 
J. F. Dohan, Carondelet Bldg., P. O. Box 1154 


MINNESOTA, DULUTH 
Anderson Machine Tool Co., 26 N. Fourth Ave., West 


MINNESOTA, ST. PAUL 4 
Anderson Machine Tool Co., 2645 University Ave. 


MISSOURI, ST. LOUIS 8 
Robert R. Stephens Machinery Co., 
1505 Continental Bldg., 1706 Olive St. 


NEBRASKA, OMAHA 8 
T. S. McShane Co., 1113 Howard St. 


NORTH CAROLINA, ASHEVILLE 
Tidewater Supply Co., 95 Roberts St., P. O. Box 212 


OREGON, PORTLAND 4 
Hallidie Machinery Co., Room 614 Medical Arts Bldg. 
1020 S. W. Taylor 


SOUTH CAROLINA, COLUMBIA, E. 
Tidewater Supply Co., 1220-1224 Lincoln St., P. O. Box 747 


TENNESSEE, CHATTANOOGA 1 
Noland Co., Inc., 115 Market St. 


TENNESSEE, MEMPHIS 2 | 
Hays Machine Tool Co., 269 S. Front St. zs 


TEXAS, DALLAS 2 | 
Dave O'Neall Machinery Co., 590 Park Ave. | 


TEXAS, HOUSTON 1 
S. H. Penny, 408 Petroleum Bldg. 


UTAH, SALT LAKE CITY 9 
Salt Lake Hardware Co., 101 N. Third St., W., P. O. Box 510 


VIRGINIA, NORFOLK 1 
Tidewater Supply Co., Inc., 36-44 Commercial Place 


WASHINGTON, SEATTLE 4 
Hallidie Machinery Co., 646 Holgate Street, S. 





U. S. TERRITORIES 
HAWAII, HONOLULU 2, H. S. Gray Co., 74 S. Queen St. ‚Р. О. Box 3016 p 


CANADA 


B. C., VANCOUVER 
B. C. Equipment Co., Ltd., B. C. Equipment Bldg., 
551 Howe St. 


MANITOBA, WINNIPEG 
John Bertram & Sons Co., Ltd., 1205 McArthur Bldg. 


ONTARIO, DUNDAS 
John Bertram & Sons Co., Ltd. 


eu 


ONTARIO, TORONTO 1 
John Bertram & Sons Co., Ltd., Room 614, 
Commerce & Transportatioñ Bldg., 159 Bay St. 


ONTARIO, WALKERVILLE 
John Bertram & Sons Co., Ltd., 16 Imperial Block, 1 
Wyandotte St. 


QUEBEC, MONTREAL 
John Bertram & Sons Co., Ltd., 319 Drummond Blds. 


























